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Ethiopian Coffee—lIts Significance to 


World Coffee Problems 


Recent studies seem to confirm that Ethiopia should definitely be 
considered as the native home of Coffea arabica L. Good natural 
conditions make this country the main exporter of this type of cof- 
fee in Africa and potentially one of the most important producers 
in the world. There is such a great genetical variation among the 
“wild” coffees that they constitute the best sources of germ plasm 


now available for programs of improvement of the species. 


Al- 


ready some trees have been found resistant or immune fo all the 
cultures of the main rust organism with which they were inoculated. 
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Introduction 


Africa, which has given to the world 


commercial species of coffee, 


number of ars did 
significant pl in the 
In the 


more especially In the 


lor a ve not have a 


of 
century, 


Ace trade this com- 


modity present and 


recent past, this 


continent has become more and more llli- 


+ 


port t 


ant asa supplier of the precious bean 
According to data compiled by the In- 

Institute of Agriculture and 
and Agriculture Organization 
United Nations (FAQ), 
Africa to world coffec 
duction was only 1. in the years 1909 
to 1914 but went up to 7.3% in the years 
1924 to 1929, declining a little to 6.4% in 
the period of 1939 to 1944 (13) Mor 
recent data based only upon exportations 


ternational 
the 


ol t 


Food 


He the con- 


tribution of pro- 


»¢ 


~« 


showed that the expected exportable pro- 
duction in the season 1956-57 was roughly 
he average of the period 1946-47 

1950-51 More than 
exports 1956 originated 
Africa (26) 


Various factors explain the increased 


twice t 


through ol 


9or 
a- ¢ 


world in in 


Coffer 
Organization « 
Ababa Ethiopia 


7 ormerly 


Foe vd and 
United 


speci ilist 


of the 


Agri- 
Nations 


culture 


Addis 
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Inst 
C 


production Continent 


Trade restrictions betwee n Europe and 
Latin America during the two world wars 
and t 


he shortage of foreign exchange in 


some the main countries 


lmmMporting 


acuINg as a stimulus to crow more ¢ t! 


, 
| 


commodity in their overseas territories, 
two possible tact 
It must be 

African 


type (¢ offea cane phora 


are 


Ors 


+ ; 


sald, howeve! iat most of 


the coffees ar he Robusta 
Pierre) while the 
\rabica 
(According to 


three-tourt! 


greatest demand or the 


st exists f 
type (( offea arabica L.) 
data ot 1953, approximately is 
the 
ol 


types (31) 


ol exportation of ¢ trom 


this 


part the world was of the Robusta 


The proportion now may be 
the 1 
In the 


tne 


even higher. Because of ust disease 


and 
le. 
only a 


some insect pests lowlands, 


lew territonmes ofl Eastern 


Hemisphere have large areas where th 


conditions are satisfactory for the sue- 
cessful growing of the Arabieas. Fortu- 


nately, the great development of the 


soluble coffee industry in the United 
States has given a better market for the 
It has been found tl these 
make with 


types used in the manufacture 


Robustas 


coffees a good blend other 


of solu- 


bles 
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Most of 


produced 


the Arabiecas of Africa 
in Ethiopia, Kenya, Belgian 


Congo, and Tanganyika 


are 


Ethiopa is of 
special interest as it exports half the cof- 
coming from the 
the 
tentialities to warrant 
oO! the 


Ol this type conti- 


nent and has climate and soil po- 


its becoming one 
world’s largest producers 


Recent 
scientific studies seem to have established 


that this country definitely can be con- 


sidered as the native home and 


the 


aral 


robablv 


I 
7 


exclusive home of Coffea 


ca L. 


1] 
cellent 


native 


This makes Ethiopia an ex- 


source of fundamental initorma- 


valuable breeding materia 


with the ecological condi- 


Familiarity 


tions which ave tavored the aevelop- 


ment Ol a species is ol 


agriculturist in the 


ChOo1cE 


methods crowing tl 


the fact that 1t 1s not always practical ( 


reproduce exactly the conditions in which 


the wild plant was growing and that we 


must sometimes depart widely from these 


conditions in order to obtain higher 


vields, we should not forget the 


environ- 


mental factors which have facilitated 


the developm« nt and the survival of the 
species Also, gene rally 
the 


plant are found in its native home 


greater 


ations 1n genetic characters of 


This 
importance to breeders in their im- 


ls Ol 


provement programs. Besides the taxo- 
nomic and ecological re- 


search on the parasites of the crop in its 


investigations, 


normal habitat is another aspect worthy 
of attention and of great practical value. 

These 
the interest in Ethiopian coffee 


various ‘considerations justify 
shown 
lately by tradesmen as well as scientists 
The significance of 
coffee problems is 


Ethiopia to world 
fully acknowledged 
by the choice of its capital, Addis Ababa, 
as the site of an International Coffee Con- 
ference to be sponsored next year by the 
Agriculture 
Nations. 


general résumé covering most 


and Organization of 
the United 


A single, 


F¢ i Ye 


aspects ol interest lor all those concerned 
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with coffee appears to us as a useful pub- 
lication. This résumé contains the fol- 


lowing: recent knowledge of 
and 


common 


principal 
production, the 
types ol the 


methods areas Ol 


most coffee area, 


the major diseases and pests, yield data, 


processing and quality, potentialities of 


Ethiopia as a coffee producer, programs 


of improvement of the industry, and 


scientific efforts to utilize the easily 


available germ plasm rol the 


With such 


ject range the author will concentrate 


plant products a wide sub- 


on 


a broad review Yr r than on detailed 
aspects already | 


In more specialized 


hand acquaintance ol Crop gaine d 


him during two-year stay the 


country will be widely used as 
available literature and the informa- 


tion on more recent developments kindly 
furnished by correspondents actually en- 


Puge 


{in work with Ethiopian coltees 
Principal Methods, Areas of Production, 
and Ethiopian Types 

It is 


grow coffee in Ethiopia 


not known when man began to 
Although there 
is little doubt that the species is native, 
we are not certain that the use of the 


seeds as a stimulant beverage was d 
in the African continent. There 
no truly old historical records on 
coffee (1) the 
first written mention of coffee appeared 
in the 16th century. Early Arabian docu- 
ments indicate that the plant was intro- 


duced from Africa 


ls- 
covered 
are 


According to Chevalier 


However, it is pos- 
sible that, even though its virtues were 
known, its use was slightly different until 
the Arabs developed the type of drink to 
which More- 
over, it is probable that, in the first years 


we are now accustomed. 


the inhabitants of 
origin did not 


or centuries of usage. 


its country ol bother to 
cultivate the plant but simply collected 
the fruit produced by wild trees in the 
forest. 


The lack of ancient records from Ethi- 
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opia perhaps may be explained by the 
fact yf 
the coffee forests are still found are usu- 
ally “ The Gallas did not 
have any written language in the past 


that the areas from which most 


galla” territory 
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This 


calls the legend of the 


(15). French anthropologist re- 
birth of the coffee 
saint Batra 
Maryam (Stick of Mary) who lived in 


tree attributed to a named 


the reign of lyassou Adyam Sagad (1682- 


SIDAMO- 
BORANA 


Fic. 1 


Ethiopia 


Amharas, 
extent of the northern part of the coun- 


while the who occupy a large 
try, have been for centuries in possession 
of a literature which was first written in 
Ghez and later in Amharic. To my 
knowledge the oldest story on coffee from 
Ethiopia is the one quoted by Griaule 


Provinces ind Feder ited State ol Eritre i 


Courtesv of Mr. H. Rouk 


1706) this 
saint staying in the Zeghie Peninsula on 


+ 


the shores of Lake Tana prayed so long 


According to the legend, 


that his cane, stuck in the soil nearby, 
rooted and became a shoot which would 
be the first 


coffee tree. This seems to 


indicate that the plant was not known 
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in this district until the end 
century 

I he opportunity to visit the 
Zeghic ae la, cofter 


appearance ol definitely 


and there the 


trees 


bye Ing planted and not a lorest component 


as in parts of the south. Moreover, it 1s 
doubtful would have grown 


climate 


ol 


wild in 


Griaule mentioned time 
| irrigated 
Unless 
climate 
O “ssullic 


rhea 


estab] 


lportal I 


\ccordn 
ntifie mi 


from 1839 t 


y port of the French 
=Cl¢ ss]10On Whieh \ 


1843. coftec 


Inces Of the country but not 


isited Ethiopia 


Was grown 


1lOus Pro, 


too successtullv mn (Tigre 
Amhara) (28) 
Now 


lerent W 


Tie lI) Ils 


produced in many d 


avs under widely divergent 


conditions and by people 


LIVCrst aackgrounds It can be 


1,000 
ly dry 


cultural | 


seen at altitudes Irom meters to 


2.000 meters, in 


where the al 


ove! relative areas 


nual Traintlall does not reach 


1,000 millimeters, as well as under a wet 


Climate Ol about two meters ol 


nreeipit 
precipit 


The Africans of 


tribes speaking different dialects. 


ation 


lurmers are Various 


Arabs 
originating from Yemen, and a few Eu- 
ropeans Of various nationalities 

in coffe 


There is no unity, therefore, 


growling as there was littl unity in the 


country in general until recently, when 
better means of communications and the 
to have re- 
sulted in greater cultural integration be- 
tween the inhabitants of the Empire 


1. The Coffee Forests. It 


assume that the first systematic produc- 


spread of education seem 


Is easy to 


tion of coffee in Ethiopia came from wild 
specimens encountered in the forests in 


association with other plant species 
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Whether o1 


{ 


l 


SOT 


( 
t 


t 


t 


not coffee can still be found 


asily m a truly “wild” botanical 


s open to question and 


-Ccnse 
has given rise to 
doubts 
Ciferri (5, 6) suggested that the plants 


‘onsidered as wild might have come from 
rees which had escaped cultivation be 
cotter 


original forest but only ¢ 


‘ause, he inferred, is not con 


onent 


Fic. 2 


district 


Bo} 
Di 
the 


coffer 
Provinces 
the 


Inside the forest of 


Kaffa 


in 
Jimma G 


ol 


ol ol 


Fiumana one ol directors Tana 


Company, Ltd 

forests of secondary growth in poor con- 
dition due to the felling of trees in the 
interest of 
Russ (30) 
credence in the often repeated statement 


cultivation or exploitation 


stated, “I do not place any 


that Caffa is the natural home of coffee 
It is not a natural component of these 
forests but naturalizes easily and is so 
widespread around the site of old planta- 
which often 
spection and study of the forest composi- 


tions requires careful in- 
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tion to determine “as much” Von available data usually collected In 
Strenge (34), who lived for some time in — near-by towns 


actual coffee forests, has recently writ- The temperature is typical of equato- 


ten: “The places where trulv wild coftec rial highlands, with relatively little 


still to be found are, however, limited ‘hange in the monthly mean throughout 
to the small areas of primary forest he vear but with rather great fluetua- 
which still survive. Nowadays the greater 1 \ the month or even within 
part of the Kaffa forests are secondary t! : Swain (37) quoted the me: 
So-called ‘wild’ coffee also found in i the coldest month in 
these The que stion : s whethe this Jimma (close to seve ral Cc torests) 


ally wild coffee, that is, bushes de- : 18 he hottest month 


as 


" 


rived from wild stands in primary 


forest é iccarone (4) mentioned great 
which have survived its thinning, Ol! i In temperature \ inamonth 
from some cause escaped clearance, 01 dl. in January 
whether it is secondarily wild coffees 
which was planted when 
land cult 
iMpie we Give sul 
vears Of observatl 
Is no doubt ft i nan ey Experiment 
trees now seen 1n 


remnants of previous plantin 


but this does not preclude the existence 
truly wild formations. It is a fat 
at a number of coffee forests exist 
whether or not they consist of wild S} 
mens, they offer conditions worthy 
more thorough studies 
a. Location, Climate and Soils Phese Roe 4 
forests generallv lie between latitude 6 
and 9 N. and longitudes 34° and 40° | uN this time the total rainfall of 
This includes areas of the provinces of acl varied from 1,456.9 mm. in 
Wallaga, [lu-Babor, Jimma, Gamu Gofa 1954 to 1.798.8 in 1955. In none of th 
and Harar. Some of the best known are dry seasons were there more than three 
found in the districts of Ennarea, Jimma months with less than 50 mm. Jimma, 
Bonga, Geisha, Mizan, Tafari (Province however, receives less rain than some 
of Jimma), Anfilo or Amphilo, Mattu — of the other coffee forest triets; for in- 
(Province of Ilu-Babor), Bale (Province — stance in Gore, which is only 20 miles 
of Harar) from the Mattu forests and has an ap- 
The forests are usually located at al- parently similar climate, the anuual 
titudes between 1,600 and 2,000 meters _ rainfall (23-year average) is over 2,000 
(the forest of Babbaca which will be dis- mm. (4). For the forest of Babbaea lo- 
cussed later is at an elevation of 1.000 cated in the Mizan Tafari district. Fuzzi 
to 1,300 meters). Precise data on weather (14) reports that the rains are well dis- 
conditions over a number of years are tributed during almost all months of the 
lacking in many areas of Ethiopia. An year. The dry season is limited to two 
understanding of the climate of the cof- (rarely three) months, from middle De- 
fee forest belt is, therefore, of a some- cember to middle February The aver- 
What tentative nature on the basis of age rainfall, based upon four years of 


116 ECONOMIK 


observation, is between 1.800 and 1.900 


mm 
The re are, 


unfortunately, not many 


data on the light intensity of the “wild” 


coffee belt However, some indication 
the 
published by Fantoli (11) on the cloudi- 
ness of the sky of the 
1938 


monthly 


may be obtained from information 


city of Jimma 


during In this particular year the 
36% 
in July with 
On the 


figures went from cloud 


cover in December to 97‘ 


an annual average of 76% basis 


scanty information available it 


concluded that the 


usually located in a 


temperature averages 
about 2 1 1 little 


Variation be- 
tween fluctuations 

tie 
ibuted with 


ho more 


secutive mont] 


1 600 


a veariy lrom about 


r 2.000 m a ( ness is re 


ou 
‘ 
during tl} 

ol the cotles 
According to 
(21), 


Ethi- 


aesceription by Logan 


SOlIS O 


hnameiyv, the 
brow Nn chi 
are 10! re 


Alka- 


high- 


, acid 
Lhe 


most part 
solls are said to be 


Che 


oams (Duckwa), the 


rare 


ands red and brown | and 


most common sols 


found in the highlands, are of consider- 


red brown to 

More re- 
cently Point IV technicians have re ported 
“wild” 


able depth and vary from 


dark brown and chocolate 


on soils of the Jimma area in the 


coffee belt these 


(1) 


mountain 


According to them 
soils fall into two 


main categones: 


the 


gray Clays of the flat 


the red clay loam soils of 
slopes, and (2) the 

The 
ol voleanic origin 


valley areas red soils are laterites 


Generally they are 
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very productive proper 
to till. The 
is characteristic of the we ll-drained soils, 


but | 


manage- 


ment and are easy red color 
(chestnut 
The 
Excavations 


the color becomes darker 


to brown) with poorer drainage 


profile is generally deep 
on the campus of the Jimma School of 
Agriculture have 


leet 


been made to a depth 


of thirty without reaching 


rock 
] 


upper layer is re 


parent 
The wate r-holding capacity of the 


latively low, and the soil 


in- 


dries out quickly during periods of 
frequent rains. ° subsoil retains suf- 


hicient moisture support a retarded 


vrowth Ol most deep-rooted 


period Phe gray soil 


as are poorly drained and 


frequently swampy, especially during the 


rainy season Phe clay content 1 
1 the subsoil 


(41) 


own 


in these soils ; is definitely 
a heavy adobe clay 
According to mv observations. th 


cotiee ftorests were generally 
I 


brown soil, probably of 
| occasionally 


coffe ( 


on gray or black soils 


Only were 


rees 
ticed growing 
few soil samples collected and t 
pH at the University College of 
Ababa showed a pH from 5.4 to 6.0 
b. The Plant Complex. Coffee 
In the 


ple Xx 


is found 


lorests as part oO! a plant com- 


comprising species Ol aifierent 
According to 


Philippis and Senni (27) th 


heights and development 
2% broad- 
ieaved tree rain-montain forest, of which 


coffee is a component, includes generally 


lour stones Ol woody vegetation, two ol 
Alb zzui, ( eltis, 
( hrysoph yllum., ¢ lause nopsis, and ¢ ordia 
the 

meters high. Be 


Ehre tua, Ekehe 


Uscias, 


trees, and two of shrubs 


constitute * story, from 30 to 40 
rsanma, Bridelia. ( roton, 
Vorus. Poly- 
Syzyugquum, are the 


story, Irom 


gid, Ficus. 


and 


Puae di, 
the 
10 to 20 meters 


(; ymnospori, 


genera ol second upper 


high (Carissa, ( offea, 


Sideroxrylon. ete belong 
I have noticed that 
species of Albizzia and Cordia are some- 


It is 


to the shrub stories 


times found associated with coffee 
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worth mentioning, as plants of the same 


genera are satisfactorily used as shade 
trees in coffee plantations 

The forest offers very great variations 
in the density of the coffee trees present, 
their size, and their vit ld, as well as the 


number and stand of plants of other 


species in the complex 
c Exploitation of the Forests 


iter acquiring knowledge of the use of 


Shortly 


coffee, some erude exploitation of the 


forest must have begun, perhaps first in 

simply collecting fallen fruits from the 

ground or picking them from the trees 

It may be assumed that thi products ol 
_ 


the torests close were first 


nes 


utilized for the sake of conveniences 


Those located in more remote parts and 


In some Cases populated with dange rous 


animals were exploited much later, and 


some Ol 


them may still be in an almost 


Virgin state When man does not inter- 


fere, the forest is quite dark, and the 


coffe Ss { } : they reach con- 
siderable height produce only enough 
fruit to insure the 


It must 


survival oO! the species 


have been noticed verv early 


that the trees which were accide ntally bet 
ter exposed to the sun gave a higher yield 
\ simple type Ol management which 1s 
still in use in several areas was thus en- 


volved Following this most of 


the tall 


Ss) stem 


trees of the upper story. are 


‘With 


sub- 


felled and the underbrush cleared 


such treatment the vields may be 
stantially increased However, when the 


upper trees are entire lv removed, the cof- 


1e¢ plat ts are oiten subject to dieback 
and other diseases 

Until recent vears only & minor pro- 
portion ol trade 
came from the forests because of diffieul- 


With 


road svys- 


the coffee entering the 
ties of access and transportation 

the great improvement of th 
tem and the advent of the airplane, thes 
difficulties are of diminishing importance 

Although it is impossible to differentiate 
“wild” and the 
planted coffee, there is no doubt that the 


in statistics between the 
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number of the former has const: Vv in- 


creased This trend may soon be re- 


versed as new plantings have steadily 
been made in recent years 

There has 
some quarters of the production potential 


of the 


been an overestimation in 


coffee forests some statements 


tended to give rise to the belief that a 


precious com- 


iv { 
fabulous wealth of the 
| 


modity existed, thousands and thousands 
oO! tons Wwalting only to be picke d For in- 
as early as 1918 Southard (32) 


“The possible supply ol Abys- 


stance, 
stated: 
sinian cofttee 1s comparatively unlimited 
There are immense forests of it in south- 
western Abyssinia which have never been 

Although in a 
coffer 


many are: 


number of 
the re 


Torests trees can be found, 
extension 
suffi- 


exploitation. 


are not 


where the trees 1s 


density the 


cient to permit commerca 


Some data from reliable sources are 
production poten- 


(40), 


col- 


how available on the 


Ol these stands Tureenin 
who made a study Ol several OI the 
Kaffa Jimma Province, 
150 to 200 
In the 


course of a survey made by a representa- 


l 


lee lorests in the 


reports a possible yield of 


} 


kilos of clean coffee per hectare 


Tana Company, : r count- 
number trees, the 
Mizan Tafari, 
Province of Jimma, was estimated at 180 
to 200 kilos of 

1954, a 


cluding land measurements made in the 


ol a 


near 


clean coffee per hectare 


careful sti vields in- 


forest of Cuti, which is under the man- 


agement of the same company, showed 
that the average viel hectare reached 
335 kilos of clean coffee in that part of 


the forest unde exploitation However, 
In a Concession covering an over 
700 hectares, only 60 hectares could bring 
immediate commercial returns.* 

This demonstrates the 


great Vamation 


in yielding ability in the forest. It is 


Tana 


Private 


Limited, 
1954 


*Fiumana, G Company 


Addis Ababa 


communication 
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only in rare ¢ that ireas offer- 


asses 


ing a good production can be found in a 


} 


single block From an economic stand- 


point it seems bette! to restrict exploita- 


density of tre¢ 


if 


tion to where the 


spots 


is great enough to Justily 
a number of 
cotlee, 
ol 


arch 


Although there are publi- 


eations on the evrowlng ol none is 


able on the coffes 


{ xploitation 


no systematic res work 


alt 
Photo courtesy 


about three 


Ad 


Coffer 


Tana Company, | 


trees 


vears 


Babbaca 


us on the 
The Tana Company has 
in this field fecently 
Fuzzi (14) has written a comprehensive 
report on their first years of exploits ition, 


exists to guide » best procedures 
in this respect 


been pioneering 


is 
high 
concession 


and, due to the newness of the topic, it 
felt worthwhile to summarize 
points. The company a 
about 5,000 hectares of forest at Bab- 
in the of Mizan Tafari, 
Province o about 280 kilometers 


Its 
has 
of 
baca district 
f Jimma, 
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and 28 
Mizan 


The company is planning to im- 
240 hectares ot 


southwest of the ¢ of Jimma 


kilometers from. the airport. ol 
Tafari 
prove 1lorest 


The 


altitudes 


ground slightly rolling 
1 000 
ol 
well 
the genera 


Vamilcara. 


Is with 


Irom meters to 


1300 meters 


in a distances about ten 


The 


clude 


kilometers Zone 1s forested: 


trees 1n 


P 


species ol 


ygeum, Croton, 


ve 


v 


RY 


4 
A , 


transplantation forest undercovet 


Dr. G 


el 
of Fiumana 
and Cordia, T 
already mentioned 
a thick layer o 
distributed dry se of 

rarely three, months and an average 
tween 1,800 and 1,900 mm. 
ature is 


he soil is of the red type 
and 


f humus. 


is covered with 
{ainfall is well 
with a ason two, 
be- 
The temper- 
warm, oscillating between 13 
and 28° to 30° C 

Throughout the there 
mations of coffee growing spontaneously 


in varying 


lorest are for- 


densities. These plants are 
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relatively young, generally not over eight 


to nine years old \ few formations of 


old trees exist, some ol which have stelis 


with a diameter of 15 to 20 centimeters 


with healthy trunks and optimum vege- 


tative growth. The fruit production of 
oldey plants Is low The Various cotter 
trees of the forest under story usually 
present the following characteristics very 
etiolated VrOWwth lateral Dranches OnY 
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ning of the trees of the upper story 
where there was excessive shade; 4. thin- 


ning of the coffee trees wher they were 
too close togethe - 5 filling emptyv spaces 


with seedlings collected in thre lorest 
(nursery plants are to be used later); 6 


bending of the trees still having flexible 


stems fT lormation Of new shoots 


O lMsure 


stumping of the 


hic. 4. In the 


Province of Goliam 


cotter 


background, old 


Peninsula 


and limited to the terminal part of the 
plant, very long internodes, leaves of 
great dimension, scarce flowering and 
fruiting. No signs of disease were no- 


ticed on these trees. 

The Company included in its valoriza- 
tion program only the areas which showed 
a density of not less than 1,000 plants to 
the hectare. This program included the 
following steps: 1. removal of the under- 


brush; 2. cleaning of the ground; 3. thin- 


pl inta 


Le gh 


Although bending proved satisfactory, 
better results were obtained from stump- 


ing which produced plants ol a more 
regular shape and higher output than 
those bent over. A comparison of dif- 


ferent types of planting material coming 
the used to fill in 
that best 


two-year-old 


Irom lorest empty 
results were 
seedlings 
a ball of earth but cut 


These 


spaces indicated 


obtained from 


with or without 


l 1] 


back at 15 em. from the collar 
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fructifieation the 


third year after being set in the field 


plants showed a good 


also made on 
It 


and 


(ood observations were 
the effect of shade upon the coffee 
was found that not only the type 
intensity shade of 
the 
Among the 
forest, the 


the best suited for shade 


ol were Importance 
height of tl 


various 


but, above all. 
tree 
in the 


trees present 
Albizzias are considered 


All the plants 


Small orchard in the 


is well tended 


eastern p 
| 


irt 


chards are not is those « Har 


set in full sun, and even those 
grown previously under shelter and later 
exposed to the 
upper story of trees showed widespread 
ol of Hemileia In 


the well-shaded plants did not 


more, 
sun by removal of the 
symptoms attacks 
contrast, 
show any indication of the presence ol 
the disease 

There is 
much 


nee d 


coffee 


still 
the 


that 
Intormation 


A 


no doubt we 


more on 


forests of Ethiopia great deal can 


ie shelter 
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ol 
al 


BOTANY 


then be learned about the species and its 
behavior under natural conditions 
running 


howe Vol. 


Time 
for this type of study, 
the 
process O! transtormation, and soon none 


1s out 


as most ol forests are 1n 


will be left in the primitive or semi-primi- 


tive state for a comprehensive investi- 
gation 


2. Old Coffee Plantations. Thx 


some coffee plantations establishe 


re are 


amany 


the ,rovince 


vears ago which sometimes seem difficult 
the 
are found especially in the Provinces of 
Jimma and the Zeghie 
Peninsula, Che 
trees are set at various distances, heavily 
left unpruned, and 
grown with the 


to distinguish from forests. Those 


Sidamo and 


Provinee 


In 
of Gojjam 
shaded, general 

Simi- 
used in 
In- 


in 
minimum of care 
le 
ac 


ir methods of production 
parts of 


are 


some Latin America, 


lor 


stance, the West Indic s, the Department 
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of North Santander of Colombia, and the 4. Small Plantings Around Huts. As 
Department of Santa Cruz of Bolivia in several other countries, there are many 


The vields are generally low under such small plantings around the 

conditions Although this type ol plan- the small farmers where tl 

tations is found only oce¢asionally i easily fertilized with ashes 

Province of Jimma, it appears I 1 relus¢ These may be found 

main source of coffec he Provinces of provinees, even in those of adverse 

Sidamo and Gojjam nical conditions wl the erop 
3. Orchards of Harar. Int ¢ % 

of Harar coffee is grown as an 

crop. The type found there probably 

introduced by the Arabs when thev ove unshaded (except 

ran the country in the 15th century and — buildings) 

occupied the provinee (32). It would 5. Relatively Modern Estates. 

then be ; ‘ase ot reintroduction if we past 30 vears or so a few p 


; ; 


accep he premise that coffee in the 


Arabian peninsula originally came from 


other parts of Ethiopia Certainly 

visiting Yemen and Harar, one } represent a 

by the similarities in the method of culti ige, and most of them are 
Vation, an nere does not seem to bye Provinces ol Arussi, Sidam 
any doubt that this method was brought her district of Haran 
“across the Red Sea as it is not used n are usually pruned 

other parts ol Ethiopia crown without shi 


The numerous trees found just outside generally low due to | favorable eco- 


those I tiie 


the wall] of the City of Harat are typical ‘al conditions 
Ol these orehards These plantings re- ild”’ coftee belt 
ceive great care, although one mav doubt 6. Ethiopian Coffee Types. There is 


} 
; + 


the wisdom of some of the operations general agreement as to the existence ol 
; trees are set at a distance of about great variability in th f Ethi- 


3.0 meters, several seedlings being mia (9, 34, 36, 42 fac his 1s con- 


set in the same hole, as in Yemen and sidered to be one he indications that 
srazil (35), often making a composite (‘offea arabica originated in this 
‘tree’ With two or three plants. The lhe presence of numerous types of ¢ 


| 


seedlings are set in wide trenches about has been recognized for a number of vears 
30 em. deep. No shade is used. The Uuthough a thorough taxonomic survey is 


adult plants may reach a he ight ol tive still icking The vamous type Classilea- 
meters and are not pruned until they sme PRSPRESS aM still tentative, as all the 
reach 20 or 25 years when they are some- _— be premier pie nave nel Seve 
times stumped and a new eyele of growth explored for this particulal purpose A 
siete Dishing ie casefaliy deme. cals a lactor in the Classification 


Ol species growling under widely differs nt 


the ripe cherries being collected befor } ] ! . " 
. - ecological conditions is the difficulty of 
they fall on the ground od 

. Gistingulshing he tween the effects otf en- 
Similar thods are se ly 1 +} 

Mla method ire used in the vironment and those ot genetic constitu- 
Chere} ' etre . - . P ones age , . 
hercher district of the Province of tion. The collections established in singl 
array There are alc ‘ > emal) tad 1d , 
Harar. There are also many small or- stations will help to determine how far 


chards which do not seem to be as care- climatie differences ; ‘r the expression 


fully tended as those closer to the CIty ol the germ plasm 
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information available indicates  laurifolia Salixb. and Coffea pedunculata 

that there is only one species of Coffea Roxb. An illustration of this variety is 
in Ethiopia as all the plants of the given in another publication of the same 
genus so far identified by reliable in- author (2) 
formants seem to belong to Coffea ara- Among the earlier workers, 
bica L. However, there may be several (33) gives one of the more detailed el: 
botanical varieties sineations ol Ethiopian coffer 

Chevalier (3) judged the specimens he Unfortunately, this classification is based 
saw sufficiently different from the other almost uniquely upon the beans. The 


types described to justify establishing a author recognized four main varieties: 


| 


6 View of one of the relatively modern coffee estates r Shashamana, Province of 


new botanical varietv he called ( offea l The Ennaria or Naria is a wild type 
arabica L. var. abyssinica Chev In his characterized by small beans of a nice 
work he used a specimen of Quartier Dil- green color and exquisite aroma Chis 


lon and one of W. Schimper, both col- variety is subdivided into two sub-va- 


lected in the middle of the past century rieties the Kaffa, with smaller dark 


| 
i 


He mentioned as main differences from green beans and the Ennaria proper with 


other varieties with normal fruits and longer beans of li 


ht green ¢ Spa- 
leaves the fact that the plant was growing — letta considered this variety as the origi- 
spontaneously and that its fr wert nal type of all coffees, not only in Ethi- 
borne on long pedicels He quoted as opia, but throughout the world. 2. The 


synonyms the following names: Coffea Arraro or Arrarino, has bigger seeds and 
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is subdivided into variety Arraro o1 


“Long berry Harrar’ with more elon- 
gated beans and Ittu with smaller beans 
3. The Zeghie has big, flat 
rounded than the others. 4 
different 


its preparation than by its 


beans, less 
The 


because of 


Gentel 
is considered more 
inherent 
| 
qualities 
Sylvain (36), in a tentative classifica- 
tion of the main coffee types of Ethiopia, 


1. Ennarea or Ennaria, a green variety 
of some similarity to Coffea arabica 1 
characterized by 
14 to 21 
in length and from 9 to 17 mm. in 
from 7 to 13 mm 


var. abyssinica Chev 
the large size of the fruits, from 
nm 
width The beans are 
wide 
] 


long and from 3 to 9 mm 
type is well distributed in the ¢ 
the same 


2. Jimma o1 


Name 


} 


Kaffa, the 
found in the 


coftes most 


commonty forests It is 


characterized by a calyx which is mort 


developed than those of other varieties 


Fic. 7. Young tree of the type S83. Jimma 
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and which adheres to the fruit until ma- 
The 


possessing a foliaceous, persistent calyx 


turity only type of C. arabica 


is Coffea arabica L var govaba T origi- 
Ac- 


(46), the pres- 


nally described by Taschdjian (39) 
Wildeman 


ence O1 this type of calyx connects the 


cording to de 


Eu-C offea tvpes with the genera Psilan- 
thus and 
Wavs show more oO! less foliaceous calice = 


He sees in var 


Psilantopsis, spe cies ot which al- 
goiba the reappearance 


of a characteristic belonging to the an- 


cestors of Eu-Coffea. Krug and Carvalho 
(20) 


a well-deve lope d 


also pre sumed th: he presence ol 


calyx is a primitive 


character, the normal rudime ntary calyx 


as found in other representatives of the 


genus having developed through muta- 
In the 


sepals are not 


tion case of the Jimma 


longer than two 


Ihimhn., While those of var. go aba reac! 


ten mm. It is interesting to conside 


characteristic coffe 


forest’ trees, seemingly Micatil that 


trees flowers calices 


Whos 


are more primitive MmINONLyY 


iltivated varieties 
Measurements o 
thie length-width Index, 
thie blades of the | ives 


would suggest a closer rel: 


( offea arabica IL. Val Bourbon 
B. Rodr l 
Cramet It might 


than to Coffea ara 
typica 
that fypica has originated 


Bourbon 


and not Irom fypica 
] 
ally assumed 

There 


that in the same 


Is so much variabilitv, howeve 
forest we may 


looking more like fypicas, others more 
/ 


like Bourbons, and some 
ficult to 


main types 


which 
assign to eithnel 
Agaro, Pe ’ 
similar to Jimma but seen only in plan- 
tations. It 


calices and generally seems to have larger 


3. Agarro o1 somewhat 


does not have developed 


leaves. 
4. Cloieci 


, quite similar to the preced- 
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habits but dif- 
fruits and 


roundish, with an index 


vegetative 
shape of the 


seeds, which are 


between length and width in the neigh- 
borhood ol ] 
small-leaved, 


habit, 


5. Irgalem, 


green-tipped type with bushy 


common near the city of the same name, 


capital of the Province of Sidamo 
6. Dilla, 


tv. 


a bronze-tipped, rather 


leaved common in the distr 


this name, Province of Sidamo 


 p Arba (;,ougou red-tipped, 


t10n similiar to 

purpurascens : ¢ | | thie 
typical reddish 

and only a 


These earce, 


Arl at 


aisd) 


were seen (,ougou 


reported 


tions | 1 


Baca 
Harat 
In the Ttorest 

8. Harrar or Harar, 


cood produce z ul susceptible 


They 


are 


plantation in. the Province Ol 


This mutation was not observed 


a notably rank 


vrower, 


Fic. 8. Fruits of the $16 Wollamo 
showing their typical rectangular shape 


type 
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to several diseases, 
leaves 


bronze-tipped with 
large, cultivated 
Harar. This 


best known Ethiopian 


sometimes very 


mostly in the Province ot 
is probably the 
cottee 


best type in the country, and efforts have 


It is ge nerally considered as the 
been made to ust it in most Of the estates 
more care is given to the Its 


vy to He milera and (er- 


where crop 
high suseceptibilit 
has obvious disadvantages 

9. Zeghie, a 
The 


due 


( Ospora 


type similar to Ennarea 
fruits are smaller, but this may br 
conditions 
Tana 


produces its main crop in March, severa 


to the driet yt growth on 


The ro. Zt rrile 


the shores of Lake 


months later than the 


ty] es grown 1 


South. It is not known whether this 


is due to environmental or genetic fac- 


tors 


10. Loulo, a type purportedly contain- 


Ing a high percentage Of tat in e pulp 
ean coffee from fres] 


No rt lable 


the 


and a low ratio of e 


cherries studies have beer 


published on matter. It is reported 


to he eommon district o} Loulo 


Province of Sidamo 
11. Wolkitte, a 
some similarity to the 


has 


rank grower Nhaving 


Harar typ It 
large leaves and is green-tipped 
Province of Shoa, but said 


the 


Found in the 


to have come Irom Province of 
Gamu-Gofar in the southwest 

12 Wollamo, a type with both bronzed 
and green tips occurring 1n the same lo- 
The 


apex 


fruit with a 
\ ollamo 


cality rectangular 


flattened characterizes 


Main Diseases and Pests 


Diseases and pests do not seem to be 
a problem in the coffee forest where man 
has not changed the biological equilib- 
rium. In only one instance have I seen 
Hemileia under 
cover: at Aroma, at an altitude of 1,400 


which is 


cases of good forest 


meters low for most coffee 


forests. It has already been mentioned, 
at an even lower elevation, 
this fungus is of 
portance under natural conditions 


however, that 


at Babbaca, no im- 


On 
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the other hand, in forests where much 
of the upper story has been felled and 
the vield stepped up, as well as in com- 
mercial plantings, pathogenic organisms 
may play havoe with the crop. 

The leaf rust caused by 
vastatrix B. and Br 
potential enemy of the crop in 


How- 


Hemileia 
ls probably the 
worst 
Ethiopia as elsewhere in Africa. 
ever, as most of the crop is grown above 
1,600 meters, 
gerous as it might be at lower elevations 

The effect of altitude rust in- 
fection has been noted by various in- 
for 


the disease is not as dan- 


upon 


instance, 
that 
give any profit 
to rust attacks; 


vestigators Costantin, 


mentioned, in relation to Kenya, 
coffee-growing did not 
1.200 meters due 
if the rains and high temperatures fa- 
growth of the tree, the fungus 


below 


vored the 
profited even more and had the advan- 
tage. At altitudes 1,500 
1,800 meters there is equilibrium between 
1.800 meters and 


higher the coffee tree has the advantage 


between and 


the two organisms. At 


This does not mean that the pathogen is 
suppressed, it is always present, but does 
no harm (8) 

Another factor which may reduce the 
intensity of Hemileia attacks in Ethiopia 
is that 
tors ol 


many trees seem tO possess lac- 


} 
; 


resistance to at least some races 


of the fungus. This will be discussed in 
more detail later. The Harar type, which 
is very susceptible to the rust, is more of 
a problem in the plantations of trees of 
this 
serious, the disease may be seen in most 
During 


type Even though it may not be 


coffee districts of the country 
my stay I was able to identify it in the 
Arba Gougou in the 
Province of Arussi, Jimma, Agaro. Kaffa 
and Ennarea in the Province of 
Jimma; the 
Harar; Province of Ilu 
Babor:; the 
Sidamo 


Other diseases are not gene rally wide- 


following districts 


Limu 
Cherecher in Province of 
Mattu in the 


and Dilla in Provinee of 


spread but limited to particular districts 
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or conditions Cercospora sp. and Col- 


! 
Noack 
VS.) 
sun 
I noticed 


letotrichum coffeanum ((;loeo- 


sporium cingulatum S. and 
may be found on coffee in the but 
does not appear to be serious 
a disease, still unidentified, which caused 
rapid death of the tree in the 
Ghimbi, Province of Wallaga 


district of 
| 
1 


It seeme: 
to be caused by an infection of the vas- 
cular system and was found only in on 
district in low areas with poor drainage 
Another disease caused some concern in 
a plantation of the Province of Sidamo 
Although the typical signs of Colletotri- 
chum coffe anum were evident, the infee- 
tion appeared to be related primarily to 
the poor physiological status of the trees 


resulting from unfavorable soil condi- 
Fuzzi (14) mentions the presence 
Babacea 


a Fusar im 


tions 


of a root disease in the forest 


assumed to be caused by 
Among the 


distributed pest seems to be 


insects the most widely 


a leaf miner 


probably Le ucoptera sp A berry mot] 


may also be found in forests as well ; 


black 


sp.) was seen by the author in the 


plantings. A stem borer 
istrict 
of Ghimbi, Provinee of Wallaga. and has 
been reported elsewhere Seales and fruit 
flies are occasionally found 

The 


Hypothenemus (Ste phenoderes) ham pe 


porer 


presence of the 


Ferr. has not been definitely established 
some planters believed they had detected 
damages caused by this insect, but they 
may have been mistaken as no entomolo- 
fact. If the 
it must be kept well 


gist has yet confirmed the 
Insect exists at all, 
in check by parasites, otherwise it would 


be more in evidence 


Harvesting, Processing, Quality and 
Grading 


1. Harvesting and Methods of Proc- 
essing. 
the methods of picking and processing 
vary district to 


forest and old plantations of the south- 


As with the methods of growing 
from district In the 


west, the cherries are collected only once 
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A mix- 
fruits 


Twice 
ol 
result 


when most have rlp ned 


ture dried, ripe, immature 


irom 


ana 
may 
orchards in 


7 } } 
Harar, se , ‘KING Is used 


harvestings occu! the fruit 


as 


the right stage This practice, coupled 


with drying facilitated by the low 


atmospheric humidity, is probably 


sponsible 1ort 


he higner quality of coffees 


at 


yu 


S. fi cherries in bags 
Plantation P 


\russ 


insport of co 


Minneh 


rov ines 


| t 
{ 


sometimes sold on the 


coming from the district is said that 


ereen cherries are 


local market to be consumed with milk 


Until recently, and with the exceptior 
of the products of a few plantations, the 
cherries of all districts were dried on the 


After 


ivs they were hulled at home with flails, 


soil (sometimes on mats) a lew 


i< 


( 
ke 


stones, pieces of wood, pestles and mor- 
tars, or any other means facilitating the 
{ the beans 


removal o husks from the 
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Great progress in processing resulted 


ation in 1950 of the Tana 


This firm imported and 


from the found 
Company, Ltd 
built a number of hullers and established 
cherries 
It also 


hullers 


several processing for dry 


In various part ol rie 


count ry 


used mobile equipment with 


mounted on trucks which could penetrate 
In of 


peration, 11,000 metric tons of dry cher- 


remote territomes the first veal 


a) 


Ma a 079 het. Se a8 ° 
beth ie aire Ae 


+ 


processing means Ol ox-cart 


} 


This not only 
cilitated and improved the marketing of 


res were processed la- 
the product but also released labor pre- 
viously occupied in the tedious slow hand 
hulling The “Plantations d’Abyssinie”’, 
a group of coffee estates established some 
a Belgian concern and 
the 
ment, was for a long time the only estab- 


30 vears ago by 


now owned by Ethiopian govern- 


lishment having facilities for processing 


by the wet method. In 1952 a coffee spe- 


cat a a aa ais AAA I 9 a 

ETHIOPIAN COFFE! 27 

Clalist was sent to Ethiopia at its gov- visor installed 40 units for the prepara- 
ernment’s request bv the Food and \gri- tion oO} cofter by the wet method 

culture Organization of the United In this way, they processed a_ little 

Nations (FAQ) He recommended that over 230 metric tons of a finished prod- 


in addition to improving the dry method —uet of so much better quality that it sold 


of processing, the wet method be intro- at a premium of 20 cents U.S. higher 
duced in certain areas of the country than the ordinary kind (44). Too, sev- 
both by the establishment of factories eral of the exporting firms have imported 
and by the sale at cost of hand pulpers ze equipment for wet processing, in- 
to small producers. Also in 1952, Point ciuding the Tana Company which has 


Fic. 10 Mobil 


quipment used by the Tana Company, Ltd., to hull coffee in husks 


l\ began Its Operations 1n Ethiopia ana established two factories at the sites of 


showed great interest in coffee as part the forests they exploit * Another plant 


of its agricultural program Later, the with a capacity ot 250 tons of green cof- 
Development Bank of Ethiopia, financed fee has been built by the Development 
by the International Bank of Recon- Bank. Moreover, 200 hand pulpers of 
struction, initiated a program to improve — Bentall type have been sold to small pro- 
coffee quality ducers. 

With the help of these various organi- 2. Quality. The term “cofiee quality” 
zations, the production of washed coffee is rather complex and includes a series 


is now increasing. During the 1956 sea- *G. Fiumana Tana Company. Ltd. Addis 


son the Point IV coffee processing ad- Ababa, private communication, 1957 
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characteristics of a physical as well 
By those of 
the 


product as 


of a chemical nature 


nature 


the 


physical we mean 
eral 


gen- 
aspect. ol deter- 
mined by size, shape, uniformity, free- 


dom from visible defects, and other ex- 


ternal traits In the past these were the 
only criteria used by merchants on the 
world market. Chemical characteristics 
include factors like aroma, flavor, body, 
ary 


chemical processes occurring within the 


and acidity, which \ according to 


bean. Color has the peculiarity of being 
an external trait but governed by chemi- 


cal changes. 
The exact nature of 


esses affecting coffee quality is not well 


some of the proc- 


known, but by the method of cup testing, 
it is possible to appraise characteristics 
be 


are 


cannot determined by mere 


which 


Those sometimes called “liq- 
uoring properties” 


xpert Ss 


Cup testing is done 


by who smell and sip coffee 
which has been roasted and ground in a 
standard way and immersed in hot water 
The experts are thus able to detect all 
bad and 


thereby establish the liquoring quality, 


good flavors and aromas and 


the final expression of the value of the 
product. The modern tendency is to rely 


more on cup testing than anything els« 
On the 


blending 


to determine quality United 


States the and the 


prices of different sorts are mostly de- 


market, 
pendent upon the results of this oper- 


ation. In several European countries, 


where coffee is still sold in large quantities 
as roasted bean, the external appearance 
is more important than in the United 
states 

Two main factors govern coffee qual- 
ity: 


ture 


1. the inherent properties of the ma- 


beans resulting from environment 


and genetical constitution; 2. the manne1 
in which the beans are treated from pick- 


ing to delivery on the market. The in- 


the beans is in a way 


herent property of 
more important than the treatment fac- 


tors, as it is relatively easy to change 


BOTANY 


processing method while the genetic con- 


stitution and certain aspects of the en- 


vironment always be altered 


cannot 
the belief 


coftees of 


In Ethiopia it was that, 
while the cultivated Harat 
were good, the so-called wild coffees of 


the south were basically inferior. In 
order to test this, the author prepared 
coffee, 


only ripe cherries and processing them by 


small samples of the wild using 


the wet method. These samples were sent 
for appraisal to the liquorer of the Kenya 
Coffee Board, who estimated that, after 
grading, most would have a market value 
somewhat similar to the average Kenya 
type. As coffees from Kenya are among 
the world, this 


the 


the best in report. indi- 


cated that general quality of Ethi- 
opian coffee is good 
3. Grading. In the 


very little classification of Ethiopian cof- 


past there was 


fees. The only distinction commonly 
the Harar and the 
Abyssinian, including all the coffees pro- 
duced outside of the Province of Harar 
Nigra (23) suggested a more exact clas- 


made was between 


sification including: 
1. Harar or Chercher, 2. 
Jimma, 4. Sidamo 


Lekemti, 3. 


At the time of my visit, from 1952 to 
1954, this classification was used on the 
local market, Harar usually bringing a 


higher price and Sidamo the lowest 


In 1952 the Government, in an effort 
to improve the quality of the exported 
product, enacted regulations on cleaning 
and These 


improve the physical aspect and to give 


grading were designed to 
Size classifica- 
Although 
designation of the origin of the products 
was included in the regulations. 


the 


a more uniform product 


tion was made compulsory 


no con- 


sideration was given to establish- 


ment of grades based upon cup quality 
The Tana Company, however, has taken 
With the 
help of an expert Italian cuptaster, Dr 
Vittor, the 


some steps 1n this direction 


Ramasco following grades 
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have been established for the coffees ex- 
ported by this company (12): 
A. Harrari 


do”, including the coffees produced in the 


trade mark “Lancia Scu- 
Province of Harar from authentic plant- 
ings and nationally processed. 

B. Arussi , pro- 
duced in Chercher, formerly considered 
part of the Harar type 


comprises products coming from part of 


trade mark “Cavallo” 


This grade also 


the Province of Sidamo (near Irgalem 

and Wondo) 
C. Sidamo—trade mark “Giraffa’’, in- 

cludes the production from this provinet 

in Arussi grade 

mark 


the production ol the whol 
Bonga 


not incorporated 
LD. Jimma—trade “Gazzella”, 
Comprises 
with the 
and Mizan Tafari 
EK. Kaffa—trade mark “. 
includes the production of 
Mizan Tafari in the district of Kaffa 
F. Lekemti—trade “Elefante” 
includes the production of the Province 
of Wallaga 
G. Gore 


provinces exception of 
lfa-Serpente” 
Bonga and 


mark 


trade mark “Palma”, in- 
cludes the production of the Province of 
Ilu-Babor. 

H. Washed 


ta” This name Inaugurates the 


trade mark “Groce Cop- 
presen- 
tation on the market of the washed coffee 
the Harar All 


“naturals” or processed 


from Province of the 


other types are 
by the dry method. It is 

that may 
lished with an increase in production of 
certain districts and the wider use of the 


anticipated 


other trade marks be estab- 


wet method of processing 


Potentialities of Ethiopia as One of the 
Main World Coffee Producers 


In the 
coffee have almost 


past ten years the exports of 
trebled, rising from 
around 250,000 bags in 1945 and 1946 
to about 700,000 in 1955 and 1956. This 
last figure represents about two percent 
of the world trade. 

Several contributed to 


factors have 


this spectacular increase in exports, prob- 
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ably one of the most significant being 
the stimulus induced by the high 
Much ol the 


suitable for 


prices 
the hities 


lee Was not exploitation, as 


collection and transportation expenses 
precluded economica 
After the 


the product, Ethiopia 


operation 


increase in market value of 
, 

Was probably Tire 

only country which could rapidly in- 


crease its output without having to walt 
for the first yields of new plantings o1 
for the 
ment of old plantations 

made in the 


War II great efforts 


general deve lopm« nt of the country: old 


results of changes in the manage- 


Nf te r World 


were 


roads were repair d and new ones open d 
The airplane gave still better access to 


remote districts, the fares o 

opian Airline being low enough to permit 
fiving large quantities ol coffee instead 
trucks. The 


world trade 


of using horse caravans or 


figure ot two percent of the 
is still low, however, and the significances 
of Ethiopia in this trade lies more in its 
potential ties than in actual production. 

Probably nowhere in both hemispheres 
exist such vast expanses of land so well 
As an ex- 
ample of the excellent conditions which 


suited for coffee production 
can be found, the following 1s quoted 
Point IV (42) 


the visits of some of their technicians in 


from a report following 
a coffee district: 

“The general area south and west of 
Bonga and extending in a northwesternly 
direction is ideally suited for intensive 
coffee plantation expansion. Approxi- 
mately 1000 gashas * of land lying be- 
tween Uosh Uosh and Kasha are capable 
of being planted to coffee and being de- 
veloped into intensive 


type plantation 
with a minimum of expenses. ° 


‘his area 
has the greatest potential for intensive 
production of coffee of all the areas seen 
in Ethiopia thus far. Evidences of this 
are: 

l. Soils 


depth. 


that average five meters in 


* Roughly 100,000 acres 
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Siope that averages three percent 


) 
» 
» 


hosphate and pot- 


slightly acid soils, and 


isl) 


Vigorous lush-growilng vegetation 


4. Abundance of wat 
treams wWiltl ir-round flow 
Evidence artilacts 
skilled in 
area 


a result 


coffee in suffi- 
h an excellent 


In suc 


oe : 
» establish the Ii 


equals Bonga 
] 


Is a large acre- 


very 
to coffee in the southwest 
Provinces of 


Kaffa, Jimma,S Llubabor, 


and Gamu Gofa. Thi age mav be- 


, 
come even more extensive 1] good com- 


merelal ‘ ». tightly resistant to 
Hem ieia, Can ¢ 


grown easly at 


developed. Then cof- 


fee could altitudes 


much lower than those currently required 


to offset the effect of low elevations upon 


the severity ol the l “ase 


OI economic, political, 


course, and sO- 


ciological factors always play their rol 


In the expansion ol a crop (ireat in- 


proauction will depend 
further general development of the coun- 


on 


try, including better transportation fa- 


cilities and al in the number of 
skilled personnel 


ation, land availability, and trade con- 


iIncreast 


state policies on tax- 


trol also will be of importance in sub- 


stantial production increases. Moreover, 
world demands for this commodity will 
the 


this potential. 


determine actual development of 
If, due to very high sup- 
ply from the two hemispheres, the price 
relatively low 


of coffee stabilizes at a 


value, the high cost of establishing new 
might 
clude competition with established estates 
On the other 


plantations on a large scale pre- 


already in full production 
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hand, under norma! price conditions tak- 


ing into consideration coffee production 


costs from seed planting, Ethi- 


and 


starting 


opia with its good soil climate 


COU 


successfully compete with any other 


pro- 
queing country 

is a shift of main 
Western to 


1] 


Will 


In the future, if ther 
production from. thi 
Hemisphere, Ethiopia 


the 


the Kastern 


leading role “us best possible 


\rabicas a di 


play i 
source ol astic 
consuming market 


siderably reduces then lMnportance 


Programs of Improvement of Coffee 
Production 


The Ethiopian Government has shown 


levelopme nt of thre 


foreign exchange ¢ 


great interest i at 


coffee trade as a arne! 

since the recent progress in the process- 
cote 

that work rel to 


will hye 


eC has been discussed 
i] l 


Increase 1n pro- 
conside rt cd 


auction here 


\s previously mentioned, the Food and 


Agriculture Organization of the 


Nations, following a request’ Irom 


government, provided in 1952 thi 


sery- 


a coffer under the 


technical 


ices oO] expert 


program of the Or- 


“ssistance 


ganization The specialist Was “assigned 


to sl and assess the value of areas 


producing wild 


rvey 
coffee, 


the 


to organize sult- 


able schemes for rational exploita- 


tion of these areas, to recommend mea- 


sures for the extension of the 
cultivated coffee. 


vTOWINE OI 
and to give general ad- 
vice on improved methods ol processing 


and marketing. The first expert served 


for a period of approximate ly two years 
and was replaced by another one in 1954 

Point IV began its operations in Ethi- 
opla in 1952, its most important achieve- 
ment in the field of agriculture being the 
establishment of the Imperial College of 
Agriculture. The the 
pattern as the Land Grant Colleg« 
of the United States, with 
the field of 
and extension. 


college follows 
Sarmic 
activities in 
teaching, research, 


Point IV also started an 


resident 
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agricultural technical sehool before the the coffee belt. Soon, research was initi- 
College could be put into operation The ated on the crop, and the school grounds 
Point IV technicians realized the signif- were selected as th f the first Cof- 
icance of coffee in the agriculture of the fee Experiment Station. Seeds or plants 
country and to this end worked closely from 49 types or accessions of coffee were 
In conjunction with FAO experts and — secured through FAO, including varieties 
local coffee technicians from Ke nva, Tanganyika, Srazil, Guate- 
On comple tion Of his mission, the first mala, and Ethiopia La 
FAQ specialist presented a report to thi seedlings obtained wert 


ie 


Government which included recommen- using a design permitting 


Fic. 11 Nursery including seedlings of a number of coffer tvpes introduced at the Jimma 
Agricultural Experiment Station. Photo courtesv of Mr. N. J. Schommer 


dations for increasing the production of — ysis of the data. At the time of writing, 
coffee and bettering its quality. One of the first two crops have already been 
the main points stressed was the need for harvested. In due time the available 


a central organization to coordinate re- data will be of great value, not only to 


search, teaching, extension, promotion, the Ethiopian program, but to research 
and trade activities with the crop con- institutions in other parts of the world. 
cerned. Also, the desirability of research An interesting program of selection is 
on the management. of coffee forests was also in progress with about 140 trees of 
emphasized especially a forest located near the Station. Twelve 

The first agricultural technical school trees were chosen for a more detailed 
under the Point IV program was estab- study of the genetic variations to be 
lished in 1952 at Jimma, in the heart of found among wild trees. Six were clas- 
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| growing, three as intermedi- 
two as dwarf, and one 
(43). Further 


The Station also 


or semi-dwartf, 
as extreme or double dwarf 


studies are being made 


has experiments on pruning methods, 


mulching treatments, hedgerows” 
and fertilizers (42) 


In addition, the 


“sun 


Point I\ 


Ethiopia has given technical assistance 


program in 
to a Government Development Project, 
coffer 
In 1956, 
distributed to 
and 391,000 
preparation for use in 1957 (44) 


undertaken to growers 


188,000 


growers 


provide 


with gooda seediings 


seeqdiings were 


under this project, were 1n 
Nursery 
grown plants of very good quality previ- 
had 
the 
age growing in the forests (43) 

The Bank of Ethiopia 


nas also helped the promotion of coffer 


ously been found, averaging about 


Twice size of seedlings of comparable 
Development 


production by granting long-term loans 
for improvement of The 
Ministries of Agriculture, Commerce, and 


coffee forests 


Finances of Ethiopia are also helping in 
program 

The report of the first FAO expert had 
indicated the need of training coffee tech- 

different to 
various tasks necessary to develop 
the industry. To this end, FAO granted 
fellowships to two employees of the Min- 
istry of 


nicians at levels carry out 


the 


Agriculture, graduates of an 


Ethiopian agricultural school, to study 


methods of coffee production and proc- 
essing used in the Western Hemisphere 
and, in general, to learn more about the 
crop. These fellows spent two years at 
the Inter-American Institute of Agricul- 
tural Sciences in Costa Rica and several 
institutions of Brazil and Colombia. 
Point IV has been active in providing 
agricultural training in Ethiopia, due 
emphasis being given to coffee. Student 
assistants have contributed to the efforts 
necessary to carry on coffee research at 
Jimma. Student work leaders have con- 
ducted the field operations of planting, 
cultivating, picking, mulching, pruning, 


BOTANY 


and other tasks necessary to maintain 


the coffee plantings Students have also 
been quite helpful in collecting and ana- 
lyzing the yield data. Student assistance 
Is not only necessary 1n order to carry 
on the research work but is proving to be 
valuable training for the young men who 
will lead 
(17) 


These 


such activities in the future 
various efforts should yield fruit 
in future vears, accele rating significantly 
the country s cotter production ll eco- 
nomical factors do not 


It 


intervene against 


Research on Ethiopian Coffee Types 
in Various Countries 
Although it is now assumed that Cof- 
fea arabica originated in Ethiopia, most 
of the trees of the species which provided 
propagating material for large plantings 
throughout the world were probably in- 
troduced 
Arabia. Communication difficulties may 
explain why it took so long for 
workers t profit 
which might be expected to 


directly or indirectly from 


from the wealth of 
germ plasm 
exist in the 


Credit 


native home of the species 
should be given to ( 
having insisted on the value of 


ramer tor 
the wild 
forms of Arabica since his first work in 
Java in 1905 (10). Much later (1941), 
but still at a time when relatively few 
introductions had been made from Ethi- 
opia, de Wildeman stated, quite rightly, 
that the trees common in this country 
merit attention not only as a possibility 
of defining the the 
its center of dispersion, but 
material to 


renovate the crop in areas where diseases 


characteristics of 
species in 
also as a source of genetic 
and other causes have notably curtailed 
production (46). More recently, the 
First Coffee Round Table, an interna- 
tional meeting held at San Jose, 
Rica, in 1953 adopted a recommendation 


Costa 


to the effect that the collaboration of a 
botanist and be obtained 


to collect in Ethiopia and neighboring 


an ecologist 
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countries specimens of Coffea arabica 
and related species of the genus (22). 
The immunity or high 
Hemaileia now encountered in 


some plants from this origin Justify the 


resistance to 
vastatnixr 


interest shown in this type of endeavor 
Although the 
by the 
the 


expedition recommended 
found Table did not materialize, 
introduction of African 


been stepped up, and several stations are 


coffees has 
now engaged in their appraisal. 

1. Producing Countries of the Eastern 
Hemisphere. Thx 


ious aspects of 


Dutch, leaders in var- 
coffee research, 


probably the first to work on Ethiopian 


were 


introductions. According to Cramer (10) 
translation of an article 
on Coffea stenophylla G. Don in the Kew 
Bulletin of 1896, mentioned that in 1864 
a planting of Abyssinian 
(Ethiopian) coffees existed on Limburg 
Estate near Malang. 

Although it is doubtful that any scien- 


a note with a 


introduced 


tific selection work per se was done at 
that time, this at least 
terest on someone's part in investigating 


indicated an in- 


the value of these coffees 

In 1928, Cramer visited coffee estates 
in Ethiopia noting the 
healthy appearance of the plants, selected 


and, vigorous 


some mother trees, seeds of which he 


The 


showed a good performance in the lower 


sent to Java. resultant progenies 


Arabica zone. They suffered less from 
leaf disease there and were recommended 
for this zone; they surpassed all other 
kinds by their very vigorous growth and 
high leaf After 
the first crop, which was quite good, the 


resistance to disease 
trees showed no signs of overbearing and 
had a dense dark green foliage and prom- 
ised None of the 
other kinds tested in this field gave com- 
parable results. Later other varieties 
were introduced as a result of the visits 
of two Dutch research men to Africa (10). 

A 1954 reference from Indonesia, the 
former Netherlands East Indies, 
to indicate success with coffees of this 


another good crop. 


seems 
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origin It states that rece ntly more and 
more areas have been planted with 


“Abessinie”’, a more vigorous type which 


is better suited to the lower 
the 


good a producer. 


lying areas 
Arabica is 
This type is more re- 


where common not as 
and requires wider 
The 
flavor of the product are not detrimental 
on the market (16) 

systematic 


sistant to leaf disease 
spraying and less shad taste and 
to its value 

The first 
Ethiopian material into Kenya appar- 
ently occurred in 1929 through the 
Harar 


introduction of 


3ritish 
Consul at The seeds proved to 
be of a homogeneous variety later named 
Harar In initial trials 
showed outstanding vigor and 


the this type 
vield and 
appeared to be a most valuable acquisi- 
tion. Unfortunately, the early promise 
was not fulfilled and because of extreme 
SUSCE ptibility to diseases, \ ield and vigor 


A single 


] oY ty + 1] 
aecre ased tree selection Caller 


S.L. 10 was made from this variety. It 
resembles the parent in all characteristics 
and has proved no better than Harar in 
sustaining its high yield 
the first few crops. In 


procured from coffee forests of the Geisha 


and vigor after 


1936, seeds were 


and Amfillo (Amphilo) districts. The 
plants obtained showed great variation, 
as is common in all the “wild” coffees 


from Ethiopia. Some of them have been 
claimed to possess a certain resistance to 
coffee berry disease (18) 

During the Ethiopian campaign of 
1941 and 1942 three army officers from 
Kenya, interested in coffee, collected in 
various districts 
which bear the names Dalle, Dalle- 
Mixed, Dilla, Dilla and Alghe, Gimma 
Mbuni, and Gimma Galla Sidamo. All 
these were chosen on appearance without 
detailed study, for one of two reasons: that 


a number of specimens 


their type was not represented in Kenya 
or that they represented the endemic 
form for their particular climate. Ob- 
servations of yield, climatic preference, 
and general characteristics of these va- 


rieties are still in their initial stages (18). 
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Recently data have been published on 
vield for a two-year variety trial with 
21 
origins, including 


Dalle- Mixed 
preliminary 


selections and variations of different 
two introductions of 
Dilla—Alghe 


results, which so far 


and ‘ hese 


are 


more indicative of earliness than 


Ssus- 


tained high revealed that 


Dalle-Mixed was the 


productivity, 
second highest pro- 
ducer with a yield significantly higher 


Wellman ob- 


ets ol He mile ia on the be - 


types (7) 

i the effe 
havior of different coffec types under field 
conditions in various countries 
Dilla 


resistance 1n 


The type S 


Gimma, Dalle, and appeared to 


have high Kenya, while 
Geisha and great sus- 


Amphillo showed 
(45) 


of Ethiopian cot- 


ee ptibility in the Congo 


Some introductions 
fees were also made in Tanganyika and 


‘Am- 


were 


the Belgian Congo some time ago 
“Harar” 


Tanganyika Station in 1936 


ph llo” and cotter types 
gTOWN at thie 
(38). Kinds (19) mentions without more 
called 


Belgian 


hloplan types are 


detail the introduction of a 


Moka 


( ‘ongo 


cote 


from Ethiopia into thi 
Several other Et 
but the 


growling 1n these two territomes, 


extent of research on them is not known 
\t the 


tion ol 


Mysore State Experiment Sta- 
introductions 
FAO in 1953 
These accessions, called Tafari 
Arba Kaffa, Wollamo 
Irgalem, correspond to the 


India sone wert 
1954 


Kela 


made through and 


(,ougou, and 
terminology 
used by Sylvain (36) for their short de- 
scription. R. L 
anist of the Station, has kindly reported 


Narasimhaswamy, Bot- 
to the author in a personal letter some 
preliminary observations on the behav- 
ior of these types. In general develop- 
ment Kaffa was found to be very vigor- 
ous; Tafari Kela, Irgalem, and Ennarea 
Wollamo 
Arba Gougou very 


vigorous; not vigorous, 


and 
poor The 


following percentages of plants of differ- 


in growth 


ent types were susceptible to Hemileia: 
Wollamo, 91.0% Tafarikela, 65.7% 


BOTANY 


Irgalem, Arba Gougou, 56.3% 


64 
36.7° ; and Kaffa, 17.7% 


| ¢ 
‘ 


Ennarea, ¢ 

It may be worthwhile to emphasize 
that most of the introductions from Ethi- 
varieties and that there 
Variation 


This explains why some plants coming 


opia are not true 


Is a great genetic among trees 


from seeds of different trees in the same 
plot may exhibit susceptibility to disease 


while 


others do not. This has been well 
demonstrated by the research carried out 


Hemileia in 


house 


on Portugal, using green- 


specimens inoculated with the 
lungus 
2. Western Hemisphere. In t] 
SIX or seven years Ethiopian coltee 
been introduced in 
The 
by Archer, then Agricultural 
the Plant Intro- 
United States De partment 
In 1951 


number of 


systematically thie 
Western Hemispher 


was started 


pironee! work 


explorer of Section of 
auction of the 
of Agriculture this technician 
collected a coffee seeds from 
different parts of 
14 
cording 
U.S.D.A 
warded 
ol the 


Ethiopia resulting in 


accessions identified by numbers ac- 


to the filing system of the 
The resulting plants were for- 
later to several south 


Rio 
available stock of 
Phe 


made a 


stations 


Grande and are oldest 


the 
these coffees 

FAQ coffee specialist in Ethiopia 
1953 


listed in detail by 


new series of collections in 
and 1954 


Sylvain (36) 


These are 


For a number of years, Western Hemi- 
sphere afraid 
the effect of the possible introduction of 


technicians have been ol 
Hemileia on coffee production in the New 
World This somewhat 
dramatized by the trip around the world 
in 1952 of two top Point IV technicians, 
Dr. F. L. Wellman and Dr. W. H. Cow- 
gill, to gather information the rust 
disease and collect, if possible, seeds of 
plants resistant to the fungus Many 
coffee introduced from the 
Eastern Hemisphere including some orig- 


worry) was 


on 


types were 


inally from Ethiopia growing at the time 


in another country. Since then other 
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Fic. 12. Some of the Ethiopian coffee introductions in the variety collection of the Inter- 
American Institute of Agricultural Sciences, Turrialba, Costa Rica. Standing near the trees ar 
two voung Ethiopians under an FAO fellowship to study coffee production in the Western Hemi- 
sphere Photo courtesv of Mr. P. Morin. FAO 
FAQ and Point IV technicians have col- entry olf some enemy ot the 


lected seeds of coffee in its native hom« 
More than 100 accessions of coffees from 
and this 


Ethiopia are available, 


number is continually increasing 


now 


Since the beginning of the program all 


the introductions originating from. the 
Kastern Hemisphere were made through 
the Plant Introduction Section of the 


U.S.D.A., as a precaution 


against the 


’ crop, espe- 
Hemileia. 
means of a direct importation of plant- 
ing material from the East. At the In- 
ternational Coffee Round Table of 1953 
steps were taken to organize systematie- 


cially into our hemisphere by 


} 


and 
(32). <A 


recommendation was approved to the ef- 


ally the program of introduction 


distribution of foreign types 


fect that the Section of Plant Introdue- 


36 ECONOMIC 
U.S.D.A. be 
the possibility of 
tions at 


tion of the consulted about 


enlarging its installa- 


Coconut Grove. Florida. to in- 


clude a collection of the genus Coffea un- 
| This 


der conditions has 
assistance from 


quarantine 


been done with financial 
the 


ration ol 


International Cooperation Adminis- 
the United States (Point IV) 


It was also recommended that coffee col- 


lections from material of the Eastern 


Hemisphere be maintained in five centers 
Brazil, 


Salvador, 


Colombia, 
Puerto 
In- 


Sciences maintain 


Ol investigation in 
Riea, El 


Rico, and that the 


j 


Costa and 
Inter-American 
Agricultural 
file 


stitute of 
] 


a centra in which should be 


regis- 


all the existing material in the col- 


tered 
lections of \ Americal 
This Institute 


serve as intermediary in the importation 


arious countries 


was also designated to 
of material especially from countries out- 
side of the Western Hemisphere (22) 

‘he Ethiopian introductions are now 
growing in several experiment stations in 
the Western Hemisphere. Several vari- 
ations from this material have been ob- 
Agronomic Institute of the 
Brazil 
Genetic analyses by hybridization have 
started at this 


that precise 


served at the 


State of Sao Paulo at Campinas, 


station, and it is hoped 


information will be avail- 


able soon * No re ports of research w Ith 


Ethiopian introductions have been pub- 
lished 
Some of have 


the which 


demonstrated 


accessions 
resistance to Hemiuleia in 
Portugal and in Kenya are being propa- 
gated at the Inter-American Institute of 
Agriculture Turrialba, 
Rica. They plan to have further testing 


sciences, Costa 
of this resistance made of the progenies 
As part of a project on quality being 
the Institute, the 
processed beans of the Ethiopian intro- 
subjected to various 


conducted at same 


ductions are being 
* Carvalho. 


tion 


Alcides 
Agronomic Institute of 
Paulo, Campinas, Brazil 
tion, 1957 


Chief of Genetics Sec- 
the 


Private 


State of Sao 


communhica- 
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tests, comparing them with those from 


othe types 

3. Portugal. The Center of Investi- 
gation of Coffee Rusts. A well! organized 
program of testing coffee for resistance 
been 1n 
at the National Experi- 


Sacavem under the 


to he rusts has 
1951 in Portugal 


Station ol 


progre ss since 


ment able 
| ] " ,* ‘ 

leadership of Dr Branquinho d’Oliveira 
Wellman and 
1952, it 


program still 


Following the visit of Drs 


Cowgill to this center in was 


decided to amplify thie 


more by forwarding samples of the fun- 
coffee types 
Hemuleia 
also 
FAO 


the program was subsidized by Point IV, 


gus and of collected 


SOE 
during their tour 


coffee seeds 


spores and 


were received Irom 


Ethiopia through Subsequently, 


and the Center of Investigation ot Cot- 


fee Rusts was established at Oeiras as a 
branch of the National Experiment Sta- 
tion. It is beyond 
in detail the 


centel 


the scope of this article 
to describe research carried 
at the 


rele rred to the paper bv Olive ira cover- 


} 


out Interested readers are 
ing the work on Hemuileia vastatrix up to 
1955 (24) to the Rodrigues 
Junior on Hemileia coffeicola Maubl. et 


Rog. 


and one ol 
(29). Some up-to-date information 
was obtained recently from a report of 
Dr. d’Oliveira dealing especially with the 
Ethiopian types (25) 

As it is khown that the rusts com- 
monly have several biological races, a 
plant immune to one of the races may be 
highly susceptible to another. This ex- 
plains some of the disappointments en- 
the 


varieties. 


countered in past with supposedly 


resistant The program of Por- 


tugal, therefore, included not only a wide 


collection of coffee germ plasm but also 


a number of cultures of Hemileia with 


which to test each coffee type. For 


Ethiopian seedlings there exists another 
complication in that most of the intro- 
ductions are not of a fixed variety. It 
is necessary, therefore, to test individual 


seedlings from the same lot of seeds. 


ETHIOPIAN 


More 


vastatrix 


He mile la 


were 


150 cultures of 
different 
These cultures were 


than 
from sources 
used in these tests 
Classified according to their reaction to 
certain hosts and placed in 6 physiolog- 
ical groups, or races, four of which af- 
fect Coffea arabica and two, other species 
of the genus 
established 


Variation in the 


Interestingly enough, it 


was that, as there is great 
Ethiopian coffees, so 
there is great genetic diversity in the rust 
fungus found there. Cultures belonging 
to the four groups attacking (. arabica 
could be isolated 

The Arabica 


classified according to their reaction to 


various types were also 


the different physiological races of Hem- 
ile Ma Five groups were recognized: 
Group A 
to all the 
for which they were tested 
Group B 


ological races found on ¢ 


Immune or highly resistant 
cultures of Hemileia vastatrix 


fesistant to all the physi- 
arabica with 
the exception of those Hemileia races of 
group V 

Group C. Resistant to all the physi- 
ological races with the exception of those 
Hemileia races of group III 

Group D. Resistant to all the physi- 
ological races with the exception of those 
Hemale ia races of group | 

Group E. Susceptible to all the physi- 
ological races attacking (. arabica 
The 


the best from the point of view of resist- 


Ethiopian accessions were among 
ance Many of them pertain to Group 
C, including 
Arba 


and Kaffa types. 


from the 
Dilla, 
Plants of the Wollamo 
Amphilo and Dalle-Mixed type pertain 


some plants 


Irgalem, Gougou, Geisha, 


The most outstanding fea- 
that 
plants issued from 8.4 Agarro, 8.6 Cioiec- 
j 619-No. 32 accessions 


high resistance or immunity to all the 


to Group D. 


ture, however, is the fact some 


cle, and showed 
cultures of Hemileia vastatrix with which 
Similar results 


were obtained only in the case of a few 


they were inoculated. 
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Indian accessions, ‘h are the results 
of a number of years Ol selection for re- 
The fact 


that seeds of Ethiopian origin collected 


sistance to the rust organism 


more or less at random, produce plants 
already showing this characteristic indi- 
that from 
breeding programs with these types. As 


cates much can be gained 


a comparison, plants obtained from cof- 


fee varieties generally in the 


Western 


mitted to the tests be longed to Group E. 


grown 
Hemisphere which were sub- 
showing susceptibility to all the physio- 
logical races of He milera vastatrix para- 
arabica 


In the work with Hemule a coffeicola, 


sites of ( 


no plants of Coffea arabica have so far 


shown resistance to the organism (29) 
The behavior of the Ethiopian types 


He male a 


a significance still greater 


concerning susceptibility to 
vastatrix has 
dis- 


than its impact upon control of the 


ease. It confirms the richness of the 
germ plasm available and shows that the 
existing genetic variation is greater than 
that indicated 


differences 


only by morphological 


From breeding programs we 


these 
resistance 


may obtain precious factors from 


coffees including, for instance, 


to other disease, lower transpiration 


rates, better root system, higher photo- 


synthetic rate, etc. The future of coffee 


breeding may lie in the deve lopment of 


varieties showing special physiological or 


anatomical characteristics which make 
them better adapted to specifie areas, 
instead of trying to produce types based 
only upon high yield records without 
knowledge of their dependence upon eco- 
logical conditions 

By maximum utilization of the avail- 
able genetie variation we may be able to 
grow the crop successfully in areas where 
the present standard varieties do not 
vield well 


ment of the species probably constitute 


These programs of improve- 
the main significance of Ethiopian cof- 
fees to the production of this commodity 
all over the world 


I. Gén 


ped t 
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Utilization Abstract 


Indian Seed-Fats. Utilization of many seeds, easily removed from the wide 
potentially useful seed-fats is not practical lized fruit, contain 24. t vould be 
because of difficulties of collection, mainly in excellent salad oil after refining. The f 
the result of seattered growth However contains a high percentage of wy aad 
sometimes established industries (e.g., can (77.30%). Nux-vomiea seeds, much collected 

ne } w } ( t | o 1} tities 11. .7 1 
ning) have a i by produc large quantith for use in the preparation of the alkaloids 
Is s s lsu ssible seed , i ihe 
sec ee ae 1 ae oe strvehnine and brucine, vield 7 irachidie 
<ources Of oleie-rich tats are soapnut (Sap a 

ret ; ‘ eid and 4.2% fat that could be used tor 
ndus trifohatus), papas (C'arica papaya), é é : 

pa a soapmaking. Guava seeds, available in quan- 
nux-vomica (Strychnos nur-vomica), ind : 
a a ’ tity from the rapidly expanding canning 
guava (Psidium quajava) The soaGnut tree 
industrv in India, contain 10.19% fat that is 


is cultivated in Bengal for its sap)nin-rich ‘ 
tholletia excelsa) 


fruit that is used as a detergent its seeds similar to Brazil nu ( Be 
- > iv } a ebule Is 
contain 14.5% fat that is high in {' ichidic ind mvrobalan (Terminalia chebula) oil 
reid (20-2267) and oleic acid (55-60%) and (V. V. R. Subrahmanyan and K. 17 Achava, 
could be used as a source of these acids o1 Jour. of the Sci. of Food and Agric. 8(11) 


Papaya 657-662, 1957.) (JWT) 


as a “hard” oil in soapmaking 


Principles of Sound Right-of-Way Vegetation 
Management 


Right-of-ways occupy a vast acreage of our landscape where vege- 


tation management is necessary. 


On these areas indiscriminate use 


of chemical weed killers is widespread even with sound ecological 


techniques readily available. 


The application of sound manage- 


ment would not only benefit the utility with reduced costs on a 
long-range basis but also result in high conservation values to the 


nation. 


WILLIAM 


Introduction 
> hé { ~~ »] ] . } 7 ’ 
Right -Ol-Ways, 1m iuding those of elec- 


pipe 


represent 


t utilities, railroads lines, as well 


ric 


as roadsides, tremendous 


a 
here the na- 

It has 
50,000 000 


the coun- 


acreage O1 oul landscape Ww 
tive vegetation is being managed 
been estimated that at least 
throughout 
ol 


cut 


involved 


the 


acres @! 


try. Prior to advent herbicides 


these are: were hand However, 


they are now being subjected to an en- 


tirely new type of manipulation with 


weed killers such 2.4.5 


é -T and 
other newer formulations Since the land 


chemical as 


area involved ls considerable in a coune 
try where population pressure for unde- 
intensifying, it 


only reasonable that management tech- 


veloped land is seems 
niques should be utilized whieh will ful- 
fill the needs of the agency involved and 


t the 


result in high conserva- 
of 


mis-managed 


a time 


In 


are 


sale 


tion values contrast, many our 


right-of-ways being 
even with applicable scientific knowledge 


(4, 9, 10, 11) In 
this paper the major emphasis will be on 


readily available 5, 


electric utilities right-of-ways How- 


ever, the general principles are applica- 

ble to all right-of-ways 
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NIERING ! 


To 


must 


satisfy the utilities the easement 


be 


ally grow or fall into the lines 


lree of trees which will eventu- 
More- 
over, they must be readily accessible, 


preferably by a trail, for patrol and 
all 


these needs be 


maintenance 1n weather 


necessary that at a 
Currently, the 


indiscriminate blanket spray techniques 


met 
minimum annual cost 
which are aimed at eliminating all woody 

By 
shrub 
cover is unnecessarily destroyed and poor 


root-kill the 


quently results 


vegetation are 1n widespread use 


such techniques much valuable 


of undesirable trees fre- 
The principles set forth 
in this paper are aimed at manipulation 
of the vegetation in order that maximum 
shrub cover be preserved with considera- 
ble benefits both to the utility and the 
publie 

In many cases the companies do not 
own these but 


areas, merely build and 


maintain facilities for their specific pur- 
The land owner has all rights of 
ownership that do not conflict with the 
purposes ol 


pose 


the easement and often has 
some control over the line in regard to 
vegetation management policies. This 1s 
herbi- 

The 
owner and the general public are there- 
from the 
standpoint of the many values which can 


especially true since the use of 


cides has become sO widespread. 


fore interested in these areas 


RIGHT-OF-WAY 


be obtained by proper manipulation 
Some of the values, present or potential, 


to those concerned are as follows * 


1. General values 
These 


conservation-minded groups 


conservation 
values are recognized by all 
They 
are important for the greatest so- 
and in the future 

The 


general, 


cial good 
Wildlife 


biologists In 


how 


habitat 


to 


concern Ol 
involving 
various clubs and societies Here, 
wildlife ineludes song birds 
This is the chief 


Various State Game 


3. Game habitat 
interest of the 
Departments as well as sportsmen 

The 


of the right-of-ways are for the 


and sportsmen’s clubs values 
production of and to increase Ovnie 


populations and not as shooting 
areas 


The 


primarily in 


} Forestrv values concern ot 


toresters, obtaining 


suitable stands adjacent to thi 
right-of-wavs and removing threats 


of disease or insects to timbet 
species 
5 Habitat for flowering herbs and 


rare plants—Of particular interest 


to State Botanical Societies and to 
professional and amateur natural- 
ists and botanists The preserva- 
tion of species or associations that 
might otherwise become extinct is 
Ol primary importance 
6. Landscape and aesthetic values 
The coneern of Garden Clubs and 
the general public, especially where 
lines cross or are seen from public 
roads 


In the management principles to follow 
these varied interests are 
with the 
mount 


considered but 
needs of the utility of para- 


Importance 


* Taken in part from “Connecticut Botanical 


Society Right-of-wav Vegetation 
Paper No. 4 


Fisheries 


Committe 
ind Connecticut State Board of 
Public Utility Right-of- 
Vegetation Management, January, 1957” 


ind Game 
wavs 
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Techniques Toward Sound 
Management 


How can the needs of the utility be 
ascertained most advantageously 


and at 
| 


the same time create a vegetation cover 


compatible with the interests enumer- 


ated above? Obviously the problem ls 


+ 


of an ecological nature and requires the 


attention olf vegetationists Who can rec- 


ognize the various plant communities 


occurring on these easements or “strip 


transects”. After a recognition and map- 


ping of these semi-natural communities 


it is possible to formulate specifications 
involving various techniques. Since it 
may not always hye possible to satisly all 
interests equally, Variations in the treat- 


ment will accommodate those which take 


priority in any particular situation. It 
one is primarily interested in a cover for 
ule species alone the methods pre- 
scribed will differ somewhat from those 
used to create a cover With highest gen- 


, . 
eral conservation Values 


Along any line a variety of communi- 
ties exists which require a multi-tech- 


nique approach. For example, tl 


rougtii 


forested regions dominated by oak, tree 


clumps of sprout origin are usually seat- 


tered in a shrubby and herbaceous ma- 


trix Such tree sprouts can be selee- 
tively removed and low shrub covet 
which may be present, such as low bus! 


blue he rry (Vacciniun spp.) and huekle o 


berry (Gaylussacia baccata (Wang ) K 
Koch) can be preserved (Fig. 1 A). Sueh 
shrubs serve as exce llent wildlife food 


and cover and substantial evidence indi- 


cates that this dense cover tends to re- 


tard re-invasion by new tree seedlings 


(7, 15, 16). Other valuable taller shrubs 


such as bavberrv (.Vyrica pensylvanica 


Loisel.) and high bush blueberry (Vac- 


Cinliim corumbosum L } ean also he 
saved if the utility has no objections A 
good trail directly under the wires, if not 
already present, can be established and 
maintained. As one moves from beneath 


the lines toward the 


edge, the 


rorest 
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specifications can be modified to leave 


cut, by 
all shrub cover regardless of height, as 


stub spraying existing woody 
stems. Locally, certain communities may 
well as potentially low trees such as be 
florida L.), 
gray birch (Betula populifolia Marsh.) 


and juneberry (Amelanchier spp.). These 


encountered whose nature makes the 


flowering dogwood (Cornus selective technique impractical and a 


more general coverage type spray neces- 
sary. The ultimate pattern created from 
borde rs also provide wildlife and stabil- 


itv benefits The overall 


a multi-technique approach will fulfill 


resultant as- the needs of the utility most economi- 


eon) Ls 


A 
: : pee 
‘Se aye wv 
As a 
AC i 
f~ \\) 
og ahn eae. 5 =" Nee Ge whe a a or x Ye> Wa, ~. - 
B 


Fic. 1 


Diagrammati presentations of two different vegetational patterns which « 


ited on right-of-wavs by chemical manipulation 


{. Pattern 


} 


recommended for highest general consery 


ition values. Directly under the lines 
low shrubs and scattered grasses dominate Beyond the outer wires taller shrubs and low under- 
story trees create an edge effect which gives way to the upland forest 
B. Pattern recommended for maximum game values. Grasses and forbs dominate directly 
under the wires with the borders bevond the lines similar to the ones ibove 
(Illustration by Janet Smith.) 
pect is that of a valley the forest edge cally from a long-range point ot view, 


giving way to shrubs and low trees and and at the same time furnish maximum 
eventually lower shrubs and scattered 
the center. 
recommended approach used to 


stability from the standpoint of tree in- 


herbaceous cover in One vasion and simultaneously result in high 


ascer- conservation values 


tain this pattern is the basal spray tech- If the major interest is to create game 


nique which involves the application of habitat for such species as grouse, squir- 


the chemical to the root collar region of 
the undesirable trees. The trail can also 
be maintained in this manner or, 3 


if just 


rel, woodeock, deer, cottontail and fox 
then the ultimate pattern prescribed 
would include more grasses and forbs, 


RIGHT-OF-WAY 


surrounding vegetation 
Here the area 
directly under the wires might be trans- 


less =f le (- 


especially ll thr 
is primarily forest (12). 


formed to herbaceous cover by 


tive techniques, leaving only the edges 


and low 
If desirable 


plants are not present in this center strip 


beyond the wires Io! shrubby 


tree species (Fig ] B) food 


it would be possible to establish “food 


patche a” 


Although this technique pro- 


vides optimum game habitat, the wide 


herbaceous strip tends to favor invasion 
by tree seedlings and root suckering spe- 


cies and thus these recommendations do 


not necessarily mean lowest maintenanes 


, | 
costs tor the a long-range Dasis 


utility o1 
In summarizing, it is evident that bot] 
] 


gveneral pubhie be ne- 


» utilities and the 


from sound management practices 


when a predominantly sel ctive approact 


is utilized The utility benefits 


better public relations as well as 


iOowel 


maintenance costs on a long-range Dasis 


since the vegetational pattern 


aids in maintaining the lines 


tion, excellent wildlife 


lished thus increasing the breeding area 


for upland game. Numerous other values 


previously mentioned would also aceru 


Problems and Progress 


Why are sound 
not being utilized on more of 


ecological principles 
the nation’s 
To answet 


right-of-ways? this question 


it is necessary to consider a more basic 
problem of which this is but a facet, i. 

the our scientific knowl- 
Right- 
of-ways are merely one of many such 


integration ol 


edge into the national economy 


commercial problems which arise in ow 


economic structure. Several facts must 
be understood before a solution can be 
realized. 


mercial 


Obviously in dealing with com- 
enterprises, one is immediately 
confronted with industrial profits versus 
that which will be of the greatest benefit 
to the nation. This will be an almost 
insurmountable obstacle until there is a 


¢«hange in philosophy concerning our in- 
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valuable natural resources In this in- 


stance, should the manufacturers of the 
chemicals assume more responsibility in 
best possible 


Is Ul thie 


supplying the information 


to the consumer, o1 ob of the 


scientist? The present idea conveyed to 


the consumer is that he is dealing with 


brush” which is undesirable, rather than 


dynamic plant communities which can 


and should be 


manipulated to both his 


idvantage and the general good Still 


inothe problem is that many utilities 


continue to entrust their management 


prog! l Oo engineers regardiess of 


lack 


of biological trainings In the davs of 


utting when tl vegetation 


was 
sheared to the g ind with little 


In cOMposition this Was satislac- 


H \ ve? th ¢ ] ’ he 9] 
owever, With oOaays Chemicals 


radical destruction and modifica- 


ion results that pe 
needed 


rsons Wit! hiological 


training are in order to m inipu- 


te these areas most advantageously 


the agency involved is We is ti 
eral public 


In the 


are underway 


} 
field of researe numerou 


Pennsvlvani 
tate University there is an extensive 


project evaluating Various techniques 


(1, 2, 3) 


Department 


ind their relation to wildlife 
In Pennsylvania the State 
of Forest and Waters permits only sound 
spraying practices on thi 


10) \t the 
Arboretum a_ right-of-way 


casements 


state forests (&, 


Crossing 
Connecticut 


is being manipulated in order to impar- 


tially analyze current techniques trom 


the standpoint Ol creating a desirable 


lines with maxi- 
mum stability and wildlife values (13, 
14) It is anticipated that this demon- 
stration area will eventually 


sults which will be of 


plant cover under the 


exhibit re- 
value to all those 
interested in easement 
United 
Brush Control 
New 
as far south as Florida (6). 
the State Board of Fish- 


mainte- 


States 1e 


power 
hance. In eastern 
Committee for Chemical 
research 
England to 
In Connecticut, 


has areas trom 


ranging 
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eries and Game is cooperating With sev- 
eral utilities in supplying specifications 
for creating good game habitat on the 
lines (Fig. 1B). In addition action has 
been taken by the Connecticut Botani- 
cal Society in establishing a Right-of- 
Way Vegetation Committee which in- 
vestigates the management policies of 
the power companies 1n the state, pub- 
lishes 


releases to aid the utilities, and 
offers an advisory service upon request 

What is the role of the scientist in this 
aspect ol applied ecology? Is it mere ly 
to supply the data and then hope that it 
will eventually The diffi- 


culty In hoping is that once the original 


be adopted? 


vegetation is indiscriminately sprayed 
, the principles set forth in 


this paper are superfluous. The 


and destroyed 


future 


destiny of this tremendous acreage is 


most uncertain Perhaps as land owners 


and conservation-minded groups become 


more aware of the potential values of 


these right-of-ways their pressure may 


influence the agencies involved to adopt 


sound management policies 
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The Industrial Utilization of Yeasts' 


Yeasts are of immense importance industrially to man- 
kind. Their activities are the bases of several primary 
industries and contribute to the support of many others. 
Revenues obtained from the sale of alcoholic beverages 
produced by yeasts in the United States amount to over 
four billion dollars annually. 


CECH 


V 


Introduction 


Yeasts 


which in 


“ure MICroscopie 


be 


intermediate between the 


some respects may consid- 


ered to be bac- 


teria ind molds Their yace mn the 
vegetable kingdom is indicated below 


illustrates industrial uses 


Brewing 


Brewing is concerned with the making 
ale, 


raw 


of beer, 
The 
facture of malt beverages in this country 
include 
rice, 


and other malt beverages 
materials used in the manu- 


and 
barley, 


malt, corn corn products, 


wheat, sorghum grains, 


soybeans and soybean products, 
and sirups, hops and hop extracts (Fig 
2). Usually 45 to 48 pounds of malt and 


malt adjuncts, ineluding hops and hop 


extracts, are used for the making of one 


3l-gallon barrel of malt beverage 


No 
Tee hnology > 


1! Contribution 
of Food 
of Technology, C 


344 from the Department 
Massachusetts 
39, Mass 


Institute 
imbridge 


Oorganisiiis, 


sugar 


DUNN 


Manufacturing Process. 


which is the source of the amvlol 


proteolytic enzymes, is weig! 


ground, 


mixed with heated water in a mash tub, 
ind agitated while the proteins are hy- 
drolyzed (protein rest period ol 
The 

ground 


with 


about 


one hour) starch-containing 


(11 necess 


idjuncets are iry) 
weighed, mixed cooked 
with agitation Chis 


material is then added to tl nan 


The alpha and be fa 


t convert the 


ia 


mash lases 


amy 
the ma solubilized stare 


to and other 


soluble portion ot the mash (the wort) 


] t 4 i 
MAiLOse products r| 


1s 


separated from the spent grain residue 


and Lautet 
The wort flows to a | 
it is boiled in the 


extracts, 


by filtration sparging in a 


tub rewing kettle 
ol 
added 


bitter 


where presence 


and hop which are in 


two or more portions. Tannins, 


resins, and essential oils are extracted 


{ 


from the hops during the 


the 


boiling and 


contribute to stability. 


Phe 


hop 


biological 


and flavor of the beer. 


wort 


bitterness, 
boiled 
residues 
50° F 


tanks (open or closed) where it is inoc- 


Is separated rom the 


by straining, cooled about 


and pumped 


to 
into lermentation 
ulated with yeast (about one pound per 
The 
temperature at the beginning of fermen- 
tation is usually 45° to 60° F. The fer- 
mentation requires seven to eleven days 


barrel on a 75% moisture basis). 
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The 


cooled 


depending on he temperature 


lcrinented wort (green bee r) is 


and pumped to the storage tanks where 


it is held for two to six weeks at a tem- 


perature just above the freezing point 
clarification The 


erage Is chill-proofed with special prote- 


ior 


and maturing bev- 


olytic enzymes, carbonated, filtered with 
filter aids, and polished 


The finished product is metered and 
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Fig. 4 
states for malt beverage manufacture 
Yeast Utilization. Thx 


veast (special strains of S. cere 


decreasing shows the leading 


amount ol 
side} 
used for inoculating the 
0.6 to 1.4 pounds (75% 


wort \ lrom 


irles 
moisture basis) 
per 3l-gallon barrel with an average of 
about one pound per barrel 
were 90,697,911 


real beve rage produced during thre 


since there 


barrels of beer and ce- 


fiscal 


YEAST UTILIZATION 


Applications 


Associated with fermentation activities 


-— = = 


| 
Ethyl alcohol production 


—y 


4 7 — 


Beverages Industrial Polvols 


D-Arabitol 
Erythritol 


Baking { 
alcohol industry 


Glycerol 


Distilled 
Brandy 
Rum 
Vodka 
Nhiskevs 


Wines 
Still 
Appetizer 
Dessert 


Malt 
Ale 
Beer 


.) 


Milks 
Kefir 
orter 
Stout Table 
Red 
White 
Effervescent 
Carbonated 
Champagne 
Champagne-types 


Carbon dioxide production 


Mis« ellaneous 


Kumiss 


Intermediates 
Adenosine 
Adenylic acid 
Coenzyme A 
Coenzymes I & II 


Associated with cellular components 


rf - y 


Enzymes Food and fodder yeast 
Fat 


Protein 


Invertase 
Lactase 


Ete. Vitamins 


Vitamins Ergostero! 
Riboflavin 
B-complex 

Brewers’ yeast 

tablets 


+ 


Yeast extract Miscellaneous 
Source of enzymes 
for glutamic acid 
production from 


citrates 


Glutathione 
Inosine 
D(~)-Ribose 


Fic. 1 


pumped to special areas in the plant for 
filling into barrels or into bottles or cans. 
The bottled and canned beverage is pas- 
teurized at about 140° F. for 20 minutes 
The inspected, labelled, 
and packed into cases which are then 


containers art 
stamped 

Reference to Fig. 3 will show that the 
amount of malt beverage manufactured 
is increasing from year to year but that 
the number of manufacturing premises is 


Diagram of veast utilization 


year ended June 30, 1956, this means 
that about 90,697,911 pounds of yeast 
were used. On a dry basis this would 
22,674,478 pounds of dry yeast. 


on a somewhat 


represent 


Even more conservative 


basis, this represents a large amount of 
yeast. 

During the fermentation an excess of 
veast is produced, some of which is used 
Brewers’ 


to seed the next batch. veast, 


a by-product of this fermentation, Is a 
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valuable item on account of its content 


of B vitamins and protein 


Wine-Making 


W ine-making a large industry in 
Europe, the United States, Africa, South 


America, and certain other parts of the 


Is 


world, where large quantities Of yeast 


are used to produce alcohol from grape 
Iruit 


and other sugars 


Corn & 


Gorn Products 
21.2 


rILIZATION Of} 
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lated with two to five per cent by vol- 


ume of pure culture of a wine veast such 


as Sac charom yces cerevisiae \ ellips- 
( de us 
place in the presence of the skins which 


Af- 


ter this primary fermentation the wine 1s 


ar 
Fermentation of the sugar takes 


impart desirable color to the wine 


mt parated from the skins, pulp, and other 


deposits and placed in special wooden 


tanks for aging over a period Ol several 


«— Sugar & sirups 
2.6 


Fic. 2 materials used 
United States during the 


Treas Dept ) 


Percentages of raw 


fiscal vear ended June 


The wines made in this country 
(red 


are 
Classified and 
white), dessert, and sparkling wines (7) 

Methods used for making wines vary, 
depending in part on the class of wine 
being In red 
table wine special varieties of grapes are 
selected, harvested at the proper stage of 


as appetizer, table 


made. the making of a 


maturity, crushed to liberate the juice, 
sulfited inhibit the development 
undesirable microorganisms, 


to of 


and inocu- 


‘fies Other materials 
1.2 


malt be 


Pub 


Ver 


No 


the manutacture ol 


1956 


ol 


30 Statistics trom 


Pe riodically 


ars 
the wine is racked. It 
ated, pasteurized and filtered to separate 
Finally the 


months to several ve 


is also re friger- 


out undesirable substances 
wine is bottled and permitted to age in 
the bottles. 
Data the 
wines are shown in Fig. 5 
The federal excise taxes on wines for 
the year 1956 were in excess of $87,646,- 
000, not including import duties (4). 


relating to production of 
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Production in Premises 
millions of operated 
borreis 
80 800 
70 —-———- Production 700 
60) 600 
50 500 
ae 400 
w 300 
20} 4200 
10F 4100 
1 i i i i i 4. i Ee | i i i i rn ry 
‘37 '38 “39 ‘40 ‘41 ‘42 ‘43 '44'45 ‘46 ‘47 ‘48 ‘49 ‘SO ‘S| '52 53 '54 '55'56 
Year 
I 3. Production ilt | ges an tum s during 
led Ju 30) 1936 migh 1956 S ) S Con ft 2 j 
P No. 67. U.S. 7 2 
The Distilling Industries Preparation. The grain is ground, 
Distilled spirits inelude whiskeys, “shed, mixed with water (24 gallons 
brandv. j vodka. and neutral to each 56 pounds, for example), and 


rum vin 


spirits. Blended whiskevs, cordials and 


liqueurs and compound vin are bev- 


ages prepared by blending or mixing 
Whiskeys 
Whiskeys “ure the 


tilled bye 


most dis- 


linportant 
verages made in this country 
Raw Materials. Thy 


terials used in making whiskeys are corn 


Usual Taw mna- 
(the principal one), rye (second in im- 
portance), wheat, barley malt, and ry: 
malt The relative proportions of these 
materials used depends on the nature of 
the whiskey. For example, straight corn 
whiskey is distilled from a fermented 
less than 80% 


of corn grain, and straight rye whiskey 


mash which contains not 


is distilled from a fermented mash which 


contains not less than 51% of rye grain 


{.) 


cooked Corn is usually cooked with 


continuous agitation under pressure; rye 
may be heated to a maximum of 160 
F. in order to prevent the development 


of undesirable flavor distillate 


(27) 


In the 
After cooking, the mash 
to 140° to 144° Ff 


eight to 


is cooled 
saccharified with the 
malt at 
and diluted to the de- 
the 


use ol ten percent ol 
this temperature, 
sired concentration by addition of 
stillage and/or water. 

Fermentation. 


with 


The mash is inoculated 


approximately three percent by 
volume of a special strain of S. cerevis- 
Lae Fermentation is carried 


temperature of 82° to 86° F. 


out at a 
(prefera- 
bly) for three to four days. 

Distillation and Rectification. Alco- 
hol and other volatile materials are sep- 


arated from the fermented mash by dis- 
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tillation at less than 190 proof. Most 
whiskey is distilled in continuous stills 
Pot stills 


may be used ior heavy-bodied whiskeys 


at a proof not exceeding 160. 


(27) 
Aging or Maturing. 
for a minimum of 24 months but usually 


Whiskey is aged 


tor tour to eight years or even longer. 
It is stored for aging in charred new oak, 
uncharred oak, or reused oak barrels, ac- 
The 


usual con- 


cording to the type of whiskey (5) 
charred new oak barrel is the 


tainer. 
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During the process of aging, or matur- 


Ing, reactions take place between the 


constituents of th whiskey and the bar- 
rel and the components of the whiskey. 
oxidative in 


Some of these changes are 


nature. They are controlled to a certain 
rela- 


the 


extent not only by the temperature, 
tive humidity, and ventilation of 


storage area, but also by the nature of 


the cooperage, the proof, the congenerics 


present, and other factors During ag 


ing, particularly during the first six 


twelve months of storage, the proof, 


California 
Missouri 
Michigan 
Illinois 


total malt 
fiscal vear ended June 


Fic. 4. Percentages of the 
le ading states during the 
ID pt.) 


lreas 


beverage 


m ide bv 


No. 67. U.S. 


United States 
Publ 


production of the 


30, 1956. (Statistics from 
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VONUUUAUUDUUOOUUULEELEEEEOOUUUA HAA UA AAAs 


FISCAL YEARS Av ag 
ENDED JUNE 30 194ui-u* 


Fic. 5. Commercially produced wine 


W ine Bull. 911, Dee. 1957, Wine 
1 Refer to Bull. No. 911 for spe 
* Includes sparkling wine 


Institute 


cial notes 


3 Includes vermouth and other specially fl 
fixed acids, 
fusel 
crease (27). 
There were 118,796,431 tax gallons of 
whiskey produced in the United States 
during the fiscal year ended June 30, 
1957 (6). The federal excise tax on this 
amount of beverage at $10.50 per proof 
gallon amounted to $1,247,000,000. This 
exclusive of state, and 
other taxes. It is thus seen that yeasts, 


tal acids, 


furfural, 


esters, aldehydes, 


oil, solids, and color in- 


figure is local, 


through their action in producing whis- 


key, are a source of very large revenue 


for this country 


Rum 


Rum is the alcoholic distillate obtained 
from the fermented juice, sirup, molas- 
ses, or other by-products of sugarcane, 
distilled at less than 190 proof in such 
that it the aroma, 
taste, and characteristics which are 


manner possesses 
ven- 
erally attributed to rum and includes 
mixtures of such distillates. New Eng- 


land rum is rum produced in the United 


entering 


Advisory Board.) 
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Y 
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TUT. 
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distribution 


ivored natural grape 


distilled 
and is “a straight rum and not a mixture 


States, at less than 160 proot, 
of rums” (5). 

Blackstrap molasses is the usual ma- 
terial for making rum. It is weighed 
and mixed with (distillation 
slops) and/or water to provide a sugat 


stillage 
concentration of about 12% in the mash 
Deficiencies in nitrogen, phosphorus, or 
other elements are corrected and the pH 
is adjusted to about 4.5. The inoculum, 
a special strain of S. cerevisiae, is used 
in an amount representing three percent 
The 


mash may be lightly aerated at the be- 


or more of the volume of the mash. 


cinning to favor the development of the 
veast. Fermentation is carried out pref- 
erably at a exceeding 
86° F 


converted to aleohol and carbon dioxide 


temperature not 
until the sugar has been largely 


Occasionally, the fermented mash may 
be allowed to stand a short time before 
distillation to favor the development of 
bacteria, which tend to yield a heavier- 
bodied rum 
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The fermented mash is distilled and 
rectified in 
of whiskey. The distillate is placed in 
charred new oak or reused oak barrels. 
When the latter are used, a small amount 


4& manner analogous to that 


of charred oak chips are usually added 
to accelerate aging 

Aging is carried out in a bonded ware- 
house where the conditions are con- 
trolled as in the maturing of whiskeys 
The types ol changes which oecur during 
the aging of rum are much like 
those taking place in whiskey. 

Rum is produced in Kentucky, Mas- 
and Pennsylvania. There 
1.687.316 tax gallons of 
duced in the United 
vear ended June 30, 
1.510.925 tax gallons removed 
There were 2,551,971 


gallons of molasses used for the produe- 


very 


sachusetts, 


were rum pro- 
during the 


1957, which 


States 
fiscal 
included 


for denaturation 


tion of this amount of rum 

An excellent entitled 
“Studies on Rum” has been prepared by 
Arroyo (10) 


pubheation 


Vodka 


This distilled product may be prepared 


from grains, sugareane products, or 
fruits 

Production from Pear Wastes. (ne 
concern in Oregon manufactures vodka 


from pear wastes in accordance with the 
following procedure described by Yang 
(52) 

Cull pears, crushed in a hammer mill 
and pulper, and cannery pear trimmings 
(pulped at the cannery) are placed in a 
The contains 
six to ten percent of sugar, is inoculated 
with a special champagne-type strain of 


fermente! pulp, which 


S. cerevisiae. Special nutrients, as re- 
quired, are added to the mash. The tem- 
perature of the fermentation is kept be- 
low 85° F., 
plete in 72 hours. 

Distillation. The fermented product is 
preheated to, 160° F. and fed into the 
central section of a column still. While 


and the fermentation is com- 
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the distillate is diverted 
fusel oil decanter where the 
It is then returned 
to the still and emerges at the top ata 
proot ot 190 The 
enter the center section of a second still, 
The 


acids, @s- 


at a low proof, 
through a 
fusel oil is removed. 


high-proof spirits 


where its direction is reversed 
(lightet 
aldehydes) are from the 
still and The 


low-congeneric spirits are conveved from 


“heads” congenerics, 


ters, removed 
top of the withdrawn 
the bottom ol the still through tt coole! 
to singlings tanks 

Purification. 


is reduced to 


The proot ol the 
110 with distilled 


pumped to processing tanks, and treated 


spirits 


watel 
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Fic. 6. Vodka bottled for consumption dur- 


ing the fiscal vears (ended June 30) 1951 through 
1957. The unit is a wine gallon 
s Tre is Dept ) 


CSTatistics 


from Publ. No. 67. U 
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with activated carbon (pharmaceutical 


odor and flavor of 


grade) to remove the 
The mixture of spirits and acti- 
several 
lock and ke y. It is 
filtered with diatomaceous earth or filter 


vated carbon is agitated for 


ours unde! then 


aid to remove the activated carbon It 
is further purified and polished by ad- 
filtrations. 
Treatment. 


ditional 
Final The 


prepared, is pumped into a bonded ware- 


vodka, thus 


ioOuse, caged, and stored in glass-lined 


tanks Prior to bottling. it is gaged 


lor tax reduced to 8 


with distilled 


purposes, 


nrool water, 


polished by 
final filtration, and bottled 
Statistics. T 


produced in the 


he amount of vodka being 
United States is increas- 


ing annually. Connecticut, Illinois and 


Kansas were the three leading producing 
states during the f al al 


30, 1957 


> 
Reference 


end a June 


to | ig. 6 will show that the 


amount of vodka bottled for consump- 


‘ . 
las Increased several 10! since thre 


1951 


ti0n |! 


1sCa al 


Industrial Alcohol 


Ethvl aleohol (industrial aleohol, 


ethanol) is produced by chemical and 


fermentation means 
Raw Materials. In view of the rela- 


tively high cost of blackstrap molasses 
and 


the 


and the low costs ol ethy] sulfate 


ethyl ne gas, incre amounts ol 


asing 


substances are being used for 
ethanol in 
Actually, 82.77% of the 
total ethyl alcohol produced during the 
f 30, 1957, 


nscal 
made from ethyl sulfate and ethylene 


chemical synthesis ol 


United States. 


yeal ended June was 


Raw materials used for fermentation 


1957 


accounted 


aleohol during the fiscal veal in- 


cluded molasses (which 


&.96°° of 


lo! 


the total aleohol produced), 


corn, malt, wheat, sorghum grain, rye, 


sulfite liquors, pineapple juice, whey, 
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fruit and other 


substances 


wine, enzyme extract, 
(6) 

Celluloses and hemicelluloses, if used, 
must be converted to sugars by acid hy- 
drolysis Starches may be transformed 
into soluble products by malt enzymes, 
in which case the chief sugar is maltose, 
or by fungal amylases produced by sub- 
culture, 


which 


merged by moldy bran, or by 


acid, in cases the main sugar 


formed is olucose 


Conditions of Fermentation. During 


the production ol ethanol by fermenta- 


tion, the composition Of the mash, the 


pH, and the temperature al controlled 


tains 


production meqdium generally con- 
12 to 18% ol 


although in some 


fermentable 


sugars, 


Mstances 1t May con- 


tain less; a suitable supply of nitrogen 


in the form of ammonia, ammonium 


sulfate, or diammonium hydrogen phos- 


phate, or as organic material: 


phosphorus, 


as diammonium hvydrogen phosphate, 


phosphoric acid or other compound ; 


actual 


Phe 


ments depend on the nature ol the me- 


and magnesium require- 


dium. Dilution of the molasses, if this 


is used the raw material, Is accom- 


as 
plished with water and stillage (distilla- 


re 
Sufficient 


acid (sulfurie 
added to adjust the pH 
$5 \ 


(Saccharo- 


tion slops) or 


ic) may be 
to a desired point, such spe- 
cial strain of distillers’ yeast 
myces cerevisiae) possessing bioche mical 
stability, high production capacity, and 
tolerance for ethanol is used as the inoc- 
ulum in amounts representing 3 to 10% 
ol the 
The 


optimum 


mash be Ing seed d 


the 


volume of the 


fermentation is carried out at 


temperature lor ethanol ac- 


cumulation, which is usually around 


86° F. o1 


period ot two to three days the sugars 


somewhat below During a 


are largely converted to ethanol and car- 
bon dioxide 


Recovery and Treatment of Alcohol. 


ls dis- 
It may be sold as a 


The fermented mash (‘“‘beer’’) 


tilled and refined 
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pure product or in denatured form (spe- 
cially or completely denatured) (37). 
Yield. 


be expected from each 


\ vield of 0.8 prool gallon may 


rallon of black- 


strap molasses. 


Polyols 


The polyols referred to herein include 
glycerol, D-arabitol and erythritol 

Glycerol. 
industrially by fermentation has 


carried out on a limited seale at times in 


The production of glycerol 


been 


the past 
The sulfite process Was used on a large 
during World War I by the 
The basis for this process was the 
to fix the acet: 


scale (,er- 
Mans 
use of sodium sulfite lde- 
hyde formed by the veast (S. cerevisiae) 
from sugar, which resulted in the reduc- 
tion of a triose intermediate to elycerol 


instead of the normal breakdown of 
sugar into approximately equimolat por- 
tions of ethanol and earbon dioxide (37) 
About one pound of yeast was used for 
each ten pounds of sugar contained in a 
Yields of 20 to 25‘ f 


20” « Ol oly ce rol 
(based on the 


mash 


sugar) were usuallv ob- 
tained. 
Glycerol was produced from molasses 


Africa, 
alkaline fer- 


on an industrial scale in South 
using calcium sulfite in an 
(18). 


General information on glycerol pro- 


mentation 


duction by fermentation may be obtained 

by reference to “Industrial Microbiology” 

by Prescott and Dunn (37) 
Production by Osmophilic 


Some Classified as 


Yeasts. 
veasts, osmophilie 
veasts, are known to possess the ability to 
produce glycerol, D-arabitol and eryth- 
ritol (44, 45, 46, 47). 
such 
and S Factors. influencing the 
production of these polyols by osmophilic 


Repres¢ ntative of 


veasts are Saccharomyces rouxii 


me llis. 


veasts have been studied by Spencer, 
toxburgh and Sallans (45) 
Spencer and Shu (47). 


and by 


One of the advantages of using osmo- 
philie yeasts is that it is not necessary 
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to add sulfites or alkalies to divert the 
normal course of the fermentation, thus 
reducing the cost of production and less- 
ening the problem ol recovery 


The production medium may contain 


glucose (20%), veast extract or corm 


steep liquor, and urea Tempe ratures 
to 98.6 F. 
with 
obtained at 


be used for fer- 


] 


} 
= ol giveerol 


of 77 may 
best vield 
98.6 | 
aeration increase the vield of 
As high as 0.60 g. of 


(0.29 g. glveerol and 0.31 ¢ 


mentation, 
being Increased 
rates Ol 
glycero polyols 
L)-arabitol) 


was obtained under optimum conditions 


(45) 


rt 
] {7 clucose 


Irom 


Bakers’ Yeast 


Sukers’ veast is pre pared 


strains ol Saccharomuces cre? 


which are s lected on the 


DASIS 


1 


chemical and physiologica stabil 


producing characteristics, kee ping quali- 
ties, and other factors It must be able 
t iblished 


to meet rigid specifications es 


by the using agencies (34) 
Propagation. 


Bakers’ yeast is propa- 
gated with careful control under strongly 


aerobie conditions in ‘der to favor the 


development of cells the exclusion of 
ethyl aleohol and other fermentation 


products 
The yeast is isolated in pure culture 
and 


laboratory 


propagated through a number of 


plant During 


composition of the 


and 


stages 
propagation the me- 
dium, pH, aeration, foaming, tempera- 
ture 
controlled. 

Most 
by the molasses-ammonium process, al- 
though it 
charified grains, nutrient sugar solutions, 


and other variables are carefully 


bakers’ veast 1s manufactured 


may be prepared from sac- 
or other raw materials 

The 
usu- 
ally a mixture of cane and beet molasses, 


Molasses-Ammonium Process. 


materials used in this process are 


ammonium salts, and other essential nu- 
trients not supplied by the molasses. 
Molasses often 


contains substances, 
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such as sulfur dioxide or zine salts, which 

toxic. Likewise, it 
tains microorganisms. For these reasons 
molasses is usually treated by steriliza- 


are somew hat con- 


tion and clarification before use. Chemi- 


} 


Cal 


agents may be used to help clarify 


Clarification may be ef- 
the centrifuging, 
by filtration, or by settling followed by 


the molasses 


fected through use of 


decantation. The treated molasses is di- 


luted 
the propagation tank 


with water before being addec to 


An adequate supply of suitable nitro- 


gen sources is essential Although some 


ot the 


nitrogen is provided by the mo- 


lasses, most of it is made available by 


the addition of various combinations of 


ammonia, ammonium sulfate, diammo- 


hium phosphate or urea Occasionally, 


small amounts of corn steep liquor o1 


be used The 


nitrogen used must be 


ammonium tartrate may 


amount ol 
1 


fullv controlled 


| ] } 
Phosphates are also important and 


may be supplied through the use of di- 
ammonium hydrogen phosphate, phos- 
phorie acid, or calcium acid phosphate 
It may be necessary to add a source of 
magnesium if the molasses is deficient in 


vitamins of the 


B-comple xX Are required by Ss CerTeviside 


this element Certain 
These are ordinarily supplied by a cor- 
rect combination of cane and beet mo- 
used to inoculate the main 
propagator is up through 


seven stages from a single cell to an inoc- 


> veast 
built SIX OI 
ulum containing several hundred pounds 
During the initial 
stages little or no aeration is supplied 
However, during the last 


of development, 


or more of cells. 


two three 


the 


or 
stages starter 1s 
aerated 

The main propagation tank, after care- 
ful cleaning, may be partly filled with 
water. of nutrient 
added along with a small amount of the 
concentrated Aeration 
The yeast starter Is added. 


Some the salts are 


molasses wort 


is provided. 
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During the propagation a number of 
The 


of molasses is accomplished exponenti- 


variables is controlled. addition 
ally at such a rate that the amount of 
sugar in the mash is only a fraction of a 
at all times 
the 
vield of yeast 


The mash is aerated 
increasing as the 
The amount 
of air, supplied as bubbles, may 
vary from 200 to 500, or more, cubic feet 


yo reent 
vigorously rate 
increases 


smal] 


(on 
the 


per pound of new yeast produced 
30% 
nature 


solids basis), depending 
of the (17) 
is controlled by the automatic or manual 


on 
aeration Foaming 
addition of a nontoxie chemical antifoam 
agent. The pH is kept within the range 
of four to five in some plants, although 
lower values are sometimes maintained 
The te mperature 1s preferably held under 
86° F. for optimum results. Ammonia 
or other nutrients are added as required 
The addition of nutrients is 
Sto] ped about one hour before the end 


gene rally 


of the propagation period to allow the 


cells to mature Aeration is greatly re- 


duced during the final hour. The usual 
ol 
hours (2). 

Final Operations. 


separated from the spent production me- 


time propagation is around twelve 


The yeast cells are 


dium by the use of centrifugal separa- 
tors. The yeast slurry thus obtained is 
mixed with wash tank, and 


the yeast is again separated 


water In a 
This proe- 
ess is repeated until the yeast is free of 
The next 
concentrated by passage through a filter 


extraneous matter yeast Is 


press. The moisture content of the com- 
pressed yeast may be adjusted, and yeast 
plasticisers and improvers may be added 
After blending the yeast is shaped, cut, 
wrappe d,and stored just above the freez- 
ing point. It should be distributed and 
used as soon as possible after manufac- 
ture. 

The federal for 
pressed yeast (8) states that it shall pos- 


specification com- 
sess a “firm consistency and a smooth, 


springy texture’, that it shall possess a 


INDUSTRIAL UTILIZATION 


“light color”, 


content 


cream that the moisture 
shall not 73%, that it 
shall be “substantially free of wild yeasts 


exceed 


and foreign organisms, and that the rope 


spore count shall not exceed 100 per 
gram”, 

Utilization of Bakers’ Yeast. Large 
quantities of veast are propagated for 
use in the baking industry, particularly 
for making rolls, 
nuts, and crackers. 

A rough estimation of the annual 
amount of bakers’ yeast used in making 


bread in the United States may be made 


bread, raised dough- 


on the basis of an average daily con- 
sumption of 6 ounces of bread per indi- 
vidual for a population of 172,000,000 
for 365 days and of the use of an aver- 
age of two pounds of yeast for each 155 
pounds of bread. This would amount to 
about 304,096,000 pounds of yeast 


Activated Dry Yeast 
Activated dry yeast Was cle veloped to 
provide a product with better keeping 
qualities than compressed yeast, which 
at long distances from the 


Strains of S 


could be used 
manufacture 
which are 


point of 
able to withstand 
The 


yeast is propagated in a manner similar 


cerevisiae, 


dehydration satisfactorily, are used 


to that for compressed veast It is ex- 
truded for drying purposes as a granular 


type or pellet type product. The granu- 


lar product may be dried on a belt dryer 


in an atmosphere which is controlled in 
respect to air flow, humidity, and tem- 
perature. The pellet type product may 
be dried in a revolving tunnel dryer 
Other forms of drying may be used. 
Drying must be accomplished in such 
a manner that the least possible amount 
of injury is done to the physiological 
state of the cell (21). 


fication permits a moisture content not 


The federal speci- 


exceeding eight percent and a rope spore 
count not exceeding 100 per gram (8) 
The product should be stored at a tem- 
perature not exceeding 70° F. (30). 
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One pound of active dry yeast is used 
for each 100 pounds of flour in the 
straight dough The yeast is 
suspended in seven pounds of water at 
110° F 
stand 
to the 
(30) 


method. 


mixed thoroughly, allowed to 
for five minutes, and then added 


other ingredients of t] dough 


Food Yeast 
KF ¢ in | 


when 


nutritional 
feeding to 
often called fodder yeast 


veast (or yeast) 
animals is 
Food 
is manufactured and utilized on account 
of its nutritive values 
about 50% of protein on a dry 
(N x 6.25), and it is 
source of vitamins of the 
and certain minerals. 
Species of Yeasts Utilized. A number 
of different species of yeasts have been 


made for 
yeast 


Such yeast con- 
tains 
basis 


also a good 


B-complex 


and are being used industrially for pro- 


ducing food yeast. The most popular 
yeast for this purpose is Candida utilis, 
formerly known as Torulopsis utilis and 
Strains of this 


species are particularly desirable for use 


often called torula yeast 


with sulfite liquors and wood sugar hy- 
drolyzates because of their abilities to 
use certain carbon sources tor crowth 
purposes which are not used by S. cere- 
visiae. CC industrial 
production of food and fodder yeast in 


this and several other countries. S. 


utilis is used for the 


cere- 
stae is a highly desirable yeast when 
blackstrap molasses is the raw material 
Other veasts which have been used on 
a laboratory or larger scale include 
Candida 


reukaufi. C. tropicalis, Hansenula anom- 


arborea, C. pulcherrima, ¢ 
ala and H. suaveolens 

Raw Materials. Theoretically and 
practically, a relatively large number of 
carbon sources may be used for the pro- 
duction of food yeast. Some of the more 
complex sources, such as celluloses, must 
be hydrolyzed by acid first. Sulfite 
liquors must be treated to remove excess 


sulfur dioxide. Sulfite liquors are the 
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primary source of food yeast in the 
United States and are important in a 
number of other countries for the same 
purpose Blackstrap molasses, when 


sufficiently low in cost, is an excellent 
As in the manufacture 
veast, 1t 1s to add 
nutrients the insure 


production ol the highest Vik lds 


source ol 
of bakers’ 


certain 


sugars 
necessary 
to 


to mash 


BOTANY 


cools r to 


modified 


pentose), 1s passed through a 
the propagator, 


Waldhof tank 


food 


which Is a 


Since yeast is produced by a con- 


tinuous process, treated sulfite liquors 


are fed into the propagator continuously. 


Diammonium phosphate and potassium 


chloride in aqueous solution are supplied 


from a head tank, which in turn 


Is sup- 


View of the top 


Yeast 


Fic. 7 


Red Star 


portion of a 


ind ‘Products Co., Green Bay 


Process at Lake States Yeast Corp. 
Sulfite liquors from the pulp mill are 
screened and blend 
tanks (24). pumped, while 


hot, from the blend tanks to the top ol a 


collecte d in large 


They are 


steam stripper where the sulfur dioxide 
The stripped ma- 
terial, which is at a low pH and which 
contains approximately 1.5% sugar (20% 


content is reduced 


food ve 


Wi 


ist propagator Courtesy of Dr. R. T. Foote 
plied by a nutrient mixing tank. Am- 
monia, dissolved in water, is fed con- 
tinuously into the propagator. The pH 
is maintained at about 5. Air is sup- 


plied through an aeration wheel which 
revolves at 300 r.p.m. 

Yeast 
moved from a location near the bottom 
of the 


suspension is continuously re- 


propagator and passed through 
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line filters to a cone defoamer Foam is 


transferred back to the propagator. Thi 
yeast is separated from the 
centrifugal 


times, 


production 
medium 
washed 


by a separator, 


three and conveyed to a 
The 


drum 


reirigerated tank 


dried 


cream suspen- 
sion of 


The 


yet on dryers 


dried is passed through 


Oe 
from the d 


Wisc.) 


Drum 


rvel 


food 
Dr 


drver in a 


of 


st plant 


Courtesy Foote 


flaker to a cyclone mixer. It 
in 50- or 100-pound amounts 

Production the Rhinelander, Wis- 
consin, plant of the Lakes States Yeast 
Corp to 1900 tons in 1957, 
17.5% was used for hu- 
man food end purposes (23) 


is bagged 
at 


amounte d 
of which about 


Analysis. One analysis of torula yeast 
produced industrially from sulfite liquor 
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showed the following, according to Ins- 
», Wiley, Holderby and Hughes (24): 
5.85% 907 1.92% phos- 


0.85% is 


kee] 
moisture 
Fr’). 


crude 


ash 
phorus (as 
17.43% 
1.84% 

hydrolysis) 


ol 


calelum | 
(N 


(obtained 


prot in 
lat 
Vitamin 


crude 
iSSAVSs, 
gammas pel 


gram, ‘ated . 


Dried 
ted 


food 


Star Yeast 


veast is being removed 


ind Products Co C;reen 


mine, 45.0 riboflavin, 33.4 pyridoxine 
hydrochloride, 37.2 pantothenic acid, 2.3 
biotin, 417.3 niacin and 21.5 folie acid. 
Yeast protein is somewhat low in sulfur- 
defi- 
adding an 
adequate amount of methionine to the 


diet Additional d the 


containing amino acids, but this 


ciency may be corrected by 
nutritive 


ata on 


value of food yeast may be obtained by 
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relerence 


(15), 


to the reports of Carter et al 
Dunn (20), Prescott Dunn 
(37) and others 

Production. It is difficult 
mine the amount of food yeast produced 


and 


to deter- 


on a world-wide basis, but it is believed 
to be quite large 
that 40 
duced daily in Formosa from molasses 


(11) 


It has been reported 


metric tons Ol yeast are pro- 


Brewers’ Yeast 
Brewers’ yeast is a valuable by-prod- 
uct of the brewing industry. It 
ior food 


source of 


is used 
1 


purposes, since 1t 18s a 
vitamins of the B-complex, 
proteins and certain minerals. Brewers’ 
veast intended for human consumption 
is washed to eliminate the flavor of hops 
Large amounts 


POO 


of brewers’ yeast have 


been used in food products, such as dried 


soups. It is the source of brewers’ 


tablets. 


veast 


Fat Yeast 
Fat yeast is yeast produced for its fat 
content. During World War I the Ger- 
produced fat industrially 
from Trichosporon pullulans, then known 


mans yeast 


as Endomyces vernalis. Unfortunately, 
this yeast has not been propagated suc- 
cessfully by submerged culture methods 
One of the best producers of fat is 
Rhodotorula glutinis (R. gracilis). This 
yeast is capable of producing over 50% 
Ol fat on a dry basis under optimum con- 
ditions. In the cultivation of R. glutinis 
by submerged culture methods it is neces- 
sary to use a medium deficient in nitro- 
The propagation Of lat yeast Is not 
likely to be important in the United 
States, but it may become so when acute 
imminent. 


gen 


shortages of fat are 


Yeast Extracts 
Yeast extracts are water-soluble prod- 
ucts prepared from by of 
several methods: (1) autolysis, (2) acid 


These 


veast one 


hydrolysis, and (3) plasmolysis 


BOTANY 

methods have been described briefly by 
Pyke (39) The veast 
extract from brewers’ yeast by autolysis 


(29) 


preparation ol 
has been described by Maizel and 
others 

Yeast extracts 
industries, in 


the 
pharmaceutical 


are used in food 
the in- 
dustry, and as a constituent of bacterio- 
Their 
re viewed by sSomogyl 


logical and fermentation media 


uses have been 
(43). 
In the 


may be used in soup mixes, meat fillers, 


food industries yeast extracts 
gravies, stews, meat loaves, potted meats, 
canned liver, and other 
(29) The extract 
food after the addition of 
vegetable extracts for flavoring 

Yeast extract, 
distributed by a 


luncheon meats, 


foods may also be 


used as a 
yurposes 
made by autolysis, 1s 


number of media sup- 


ply concerns. It is widely used in media 
in concentrations of 0.3 to 0.5% to sup- 
ply vitamins of the B-complex, nitrogen 
and minerals 
industry have been discussed by Prescott 
and Dunn (37), Underkofler and Hickey 


(50) and others. 


Uses in the fermentation 


Riboflavin 
Riboflavin, vitamin Bo or G, is 
duced by a large number of microorgan- 
isms in relatively small amounts. Yeast- 
like Eremothecium 
ashbyu 


pro- 


microbes, such as 
and Ashbya 
Candida 
mondia, and ( 


gossypu; 
flare rm. *«< 


vi asts, 


such quillre r- 


as 


arborea; and bacteria, 


such as Clostridium butyricum, possess 
the ability to produce this vitamin in 
amounts which are industrially practi- 
cable 

materials used for riboflavin 
by yeast-like 


most 


The raw 
and 
the part, 
relative ly inex- 
A comparatively large number 


production veasts 


microorganisms for 
readily available and 
pensive 


are, 


of carbon and nitrogen sources may be 
used. have reviewed by 
Pridham (38), Prescott and Dunn (37), 
Beesch and Shull (12, 13), and others. 


These been 
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Price per Lb. 
(in dollars) 
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1 =o 1 


YEASTS 


Production 
(in 1,000 Ibs.) 
. 


4600 
4500 
400 
300 
200 
100 


l 1 i 


‘48 ‘49 '50 '5I 


Year 


hic. 9 


Tariff Comm., Synthetic Organic Chemicals. 1 

Production by Ashbya gossypii. hie 
principal patents relating to the produc- 
tion of riboflavin by A have 
been assigned to the U. 8. Department 
of Agriculture and are thus free for use 
by citizens of the United States. 

Pfeifer et al. (35) used 2.0% glucose, 
1.8 to 2.1% corn steep liquor, and 1% 
animal stick liquor as the chief raw ma- 
terials for riboflavin production with A. 
gossypu. The mash was sterilized at a 
temperature of 275° F. for five minutes 
at a pH of 4.5 and adjusted to 6.5 with 
sodium hydroxide before use. Fermen- 
tation was carried out at 83° to 8° F. 
for four to five days with aeration (0.25 
vol./vol. medium/min.) and 


gossypu 


agitation 


"52 '53 '54 '55 ‘56 


Price per pound and production of mboflavin in the United States for human, ani- 
mal and poultry uses during the vears 1948 through 1956 } 


(Statistics from 


Printing Office 


Reports of the I s 


S. Govt Washington, D. C.) 


Yields of 500 to 848 pe ml 
tained. Dried concentrates may contain 
25,000 to 30,000 (38) Much 
higher vields may be obtained; for ex- 


were ob- 


ug. /o 


ample, by adding glucose to the produc- 
tion medium after the fermentation has 
reached a given stage, it is possible to 
obtain yields of up to 1760 »g./ml. The 
addition of propionic acid may increase 
the vield. 

Production by Eremothecium ashbyii. 
Riboflavin is produced by E. ashbyii by 
submerged culture methods which are 
similar to those used for A. gossypu. The 
production 
vitamin 


medium, in 
source, 


addition to a 
contain a protein 
source with a carbohydrate and/or lipid. 


may 
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Fish meal, meat scraps, peptone, dried 


blood, and other materials may be used 


as protein sources; and the common 


hexoses and disaccharides, and glycerol, 
and /o1 
oils or lipids, as carbon sources (38) 
Yields may be enhanced by the addition 
xanthine (28), 


L-tyrosine, 


of adenine, 


L-serine pyruvic acid, suc- 


cinie acid, and certain other substances. 

Yields of up to 2,480 y»g./ml 

re ported for this microbe 
Production by Candida Species. 


have bee ni 


duction of riboflavin by 
genus Candida has not, in general, been 
pectacular as yveast- 
fungi. However, 
he vitamin may 
*h the 10n content 
(particularly 3} is carefully control- 
567 we. mm 


ed. Yields of as 


| btal d by Levine et al 


much Aas 
have (26). 
Statistics. The 

hown in Fig. 9 


overall production ol 


production 


rate 
ir to vear and tl 

ne Vitamin 
Is ho available to in- 


amounts of riboflavin pro- 


; ie different microorganisms 
However, a large proportion of the 
microbiologically-produced riboflavin in 
this country is made by Ashbya gossyp 

Approximately 75% of all the riboflavin 


is made by the use of microorganisms 


Ergosterol 


Ergosterol is an important sterol pro- 
duced by a fairly large number of species 
of fungi, lichens, and yeasts (14) 
yeasts has 

(19) 


They observed that the ergosterol con- 


Ergosterol production by 


bee n 


studied by Dulaney et al 
tent of all of the genera OI yeasts studied 
by them, except Saccharom yces, Was less 
than 0.1% of the dry weight of the cells, 


which was regarded as being extremely 
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corn, coconut, cod liver, or other 


L-threonine, 


BOTANY 
low. They found that the highest yields 
of ergosterol were obtained from S. cere- 
S. carlsbe rgensis and S. 02 iformis 
\le yeasts 
appeared to be the best ol all yeasts tor 
Yields of three to 
four grams of ergosterol were obtainable 


visidae, 


in the genus Saccharomyces 
producing ergosterol 


under optimum conditions from a liter of 


production medium. The ergosterol con- 


tent of some of the best strains ot s 


cerevisiae ranged Irom seven to ten per- 
, 


ary 
Apple ton et al 


cent (on a yeast basis) 
(Y) 


px nority ol species ol 


confirmed the su- 
* venus Saccha- 
ror 


of ergosterol. They 
1.02 to 


yces as 4a SOUTCE 


found average st rol contents ot 


2.90 in the dry cells of S. cerevisiae 


Ergosterol is used for the preparation 
of vitamin Ds by ultraviolet irradiation 


In view of the present great interest in 


; | ] 


“LCTOICS, especially thelr microbiological 


transformation, the utilization of ergos- 
terol as a arting material has received 
new ittention 


Biochemical Intermediates 


\ number of compounds, classified as 


biochemical intermediates, may be iso- 


lated from yeast These are of particu- 


lar value for research purposes, some are 


used in the field of medicine. This sub- 


ect has been reviewed rathe briefly by 

Laufer, Schwarz and Stewart (25), 

Pyke (39) 
Glutathione. 


tamyleysteinylglyeine It 


This compound 

may be re- 
covered from yeast by direct extraction 
Pirie (36), 
Schroeder and associates (40). or others 
(16). It occurs in amounts ranging from 
100 to 300 mg.‘ 


Glutathione is of interest physiologi- 


according to the method of 


© in pressed yeast (25) 


cally, pharmacologically, and in the field 


of medicine. It has been shown to pos- 


sess some protective action against ir- 


radiation when administered before this 
occurs. It is capable of reversing in- 
duced diabetes in rats and diabetes pro- 


duced by ACTH in human beings (25), 
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Coenzyme I. Diphosphopyridine nu- 
(DPN) is 


It may be obtained from 


cleotide known as coenzyme 
I, or COZVINaAst 
yeast by direct extraction 
Coenzyme II. Triphosphopyridine nu- 
(TPN) is coenzym 


is obtained by direct extraction of 


cleotide known as 
Lh. 
veust and is closely related to coenzyme 
I; that is, it pOssesses an additional phos- 
phate group 
Ribonucleic substance 


Acid. 


Veast 


This 


also as nucleic acid, o1 


known 
RNA, may be 
dried yeast (25) in vields ol up 
more A 


compounds may be prepared Irom yeast 


prepared by the extrac- 
tion ot 


to five percent o1 number ot 


ribonucleic acid, as is shown in Table 1 
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phosphate, may also be obtained by veast 
phosphorylation reactions 
[nosing trom 


may be prepared 


slhit 


Yeast Enzymes 


The veast cell is a source Of a colm- 
paratively large number of enzymes and 
coenzymes (37). Two yeast enzymes, in- 
and 


for use in the food industry 


vertase lactase, are manufactured 


Invertase. Yeast, especially Saccharo- 
muces cerevisiae, is one of the best sources 
of invertase, which is found also in some 
bacteria, molds, higher pl ints, and other 
sourees 

used to 


Invert; > Is produce 


TABLE 1 


Some €' 


YEAST 


compound 


Adenine 
Adenosine 
Adenyli id 


IMPOUNDS 


RIBONUCLEL 


Wich May Bi 
\cIp 


PREPARED FROM 


6-Aminopurine 
Adenine 
Adenine 


riboside. nucleoside 


nucleotide or ribonu 


monophosph ite 


Cytidine 
] 


nucleotide or phosphat: 


ved 


Cytidvle acid 


nue eotid or evtosvli 
2-\mino-6-hydroxvpurine 


Cau 


Guanine 
Cruanosine 


nine riboside or nucleoside 


6-Oxvpurine 


Hypoxanthine 
p- Ribose 


Xanthine 


This sugar is : i- 


Trehalose. 
ride which vields two molecules of glu- 


cose upon hydrolysis. It may be ob- 


tained by the extraction of bakers’ o1 
brewers’ veast 

Adenosine Triphosphate. This com- 
pound, a vasodilator useful in the experi- 


mental 


treatment of certain diseases such 
as rheumatoid arthritis, may be prepared 
by the veast phosphorylation of adeno- 
Sine 

Other Compounds. 


as adenosine 5’-monophosphate, 


Compounds, such 
adeno- 


sine 5’-diphosphate, and fructose-1,6-di- 


? 6-Dihvdroxy} 


urine 


sugar in the food industry, it is impor- 
and it 
MAY be used for analytical or prepara- 
tive purposes 


Ni ube rg and 


cussed the production, recovery 


tant in the fermentation industry, 


99 


Roberts (33) have dis- 


and i})- 
plications Oo! invertase. 
Lactase. 


Saccharomyces fragilis, S 


This enzyme is produced by 
actis, special 
strains of Candida pse udotropicalis. and 


»« 


other veasts (32, 53) 


Lactase catalyzes the conversion of 


lactose to one molecule each of galactose 


and glucose. One of its principal uses is 
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to prevent the crystallization of lactose, 
with attendant when this 
sugar is present in relatively high con- 
centration in dairy mixes. 


graininess, 


Miscellaneous Applications 

Saccharomyce s cerevisiae ATCC 9763 
is used as a test organism in the cylin- 
der-plate method for assaying the anti- 
bioties, anisomycin and nystatin (22) 

Saccharomyce s cerevisiae, SS. 
Candida utilis, 
certain 


fragilis, 
Torulopsis cremoris, and 
other veasts 
patented 


may be used in a 


method for preparing L-glu- 
tamic acid in an aqueous solution con- 
taining citrate and ammonium ions (42) 

About three pounds of dried, debit- 
tered, brewers’ yeast may be mixed with 
97 pounds of grated American cheese to 
enhance and 
(49). 


Yeast has been, and may be 


stabilize the cheese flavor 
, used for 


the removal of glucose from ¢ white 


Lee 
by fermentation; however, the use of a 
glucose oxidase is now the favored pro- 
cedure 

Lactose-fermenting yeasts are used in 
the kefir and kumiss, 
alcoholic beverages made from milk 

Phenylacetylearbinol may be produced 


preparation oj] 


by veast from glucose 01 
and benzaldehyde. The 

the formation of this compound from 
pyruvie acid and benzaldehyde has been 
studied by Smith and Hendlin (41). 
They found that cocarboxylase, Mg 
dephosphopyridine nucleotide, and coen- 


pyruvic acid 


mechanism of 


zyme A were necessary as coenzymes. 
used for 
fermenting the sugar of fruit juices to 


Selected species of yeast are 


ethyl alcohol in the making of vinegar. 

Acetic acid bacteria convert the alcohol 
to acetic acid. 

Yeasts are used in the making of soy 

sauce. 
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Utilization of Citrus By-Products' 


Proceeds from the production of by-products may spell the differ- 
ence between profit and loss in the citrus canning industry. The 
three primary by-products of citrus are dried citrus pulp, molasses, 
and citrus peel oil. The most important utilization of citrus wastes 
is as stock feed, which consumes large quantities of dried pulp and 
citrus molasses. Citrus seed oil, alcohol, pectin, bland syrup, and 
feed yeast have been produced to a lesser extent. 


J. W. KESTERSON ann R. HENDRICKSON 


( Experiment Station, Lake Alfred, I 
Introduction most difficult waste disposal problem 
_ 1 the 1949-50 seaso han ; , ; 
Since the 1920—30 decade the process- In the 1949-50 season, when a total of 


. 4 1] | S { ‘anges 1 orane. 
ing of citrus fruits has grown rapidly to #8 million boxes of oranges and grape 


be a vast and important part ol tl 


TABLE 1 


Florida citrus economy The industry 
: MBER OF Boxes AND PeRCENT oF FLORIDA 


7. 


has vTOWN tO such proportions in recent 

; ORANGES AND Graperrurt UTiLizep IN 
vears, particular iv since the development 
of frozen citrus juice concentrate in 1945, 


that 60 to 70 percent of the Florida 


PROCESSING CHANNELS (45 


Oranges Grapetruit 
orange and approximately 50 percent of processed processed 
——— 
eo BW le crane . " ae ( mn 
the Florida grapelruit crop is now prot 1.000 " . 1.000 . - 
essed, as seen in Table 1 boxes —— boxes a 
Since over half the fruit is peel, pulp, 
We be ‘ 1947-48 30.421 52 19.451 59 
se (Tal 2), awl 1eW us- é ) 
and eed | i |e = ol ne ind l 1949-50 34 707 50 13 489 aS 
try Was born out ol necessity to solve re | 1951-52 17.507 60 13.678 38 
1953-54 62,904 69 20,089 18 
1 Florida Agricultural Experiment Station 1955-56 64.884 71 18.658 19 
Journal SeTLeS No 727 
TABLE 2 
Puysica, AND CHEMICAL COMPOSITION OF GRAPEFRUIT AND OraNGES (37, 39, 42, 51) 
Physical Chemical 
Component Percent Component Percent 
Juice ; 10-45 Wate 86-92 
Flavedo (outer peel) 8-10 Sugars 5-8 
Albedo inner pe 15 30 Pectin l 2 
fag and pul; 20-30 Glucoside 0.1-1.5 
Seeds 0-4 Pentosans 08-12 
Acids (citric mostly 0.7-1L.5 
Fiber : 0.6-0.9 
Protein ; 06-08 
Fat ' 02-05 
Essential oil 0.2-0.5 


Miner ils (kK Mg. Ca P etc.) 0.5 09 
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Irult processed, two million tons of 


relTus¢ 


wert 
remained for disposal by the cit- 


rus by-product industry Today 


proc- 


essential part 


essing by-products is an 


of the citrus industry and is also im- 
portant to other industries The rap- 
idly growing Florida cattle industry 
utilizes large tonnages of two primary 


by-products, dried citrus pulp and citrus 
feeds 


The manufacture of the various by- 


molasses, as stock 


products 1s best visualized by consulting 
Fig. 1, 


handling of 


which shows schematically the 


citrus truits trom the time 


they are picked The canning plant re- 
celves oranges, grapefruit, and tanger- 
ines both from the field and from the 


packinghouse Packinghouse fruit us- 


ually includes the larger and = smaller 


17 


sizes not generally shipped, as well as 


other sizes having blemishes 


All fruit 
split 


suriace 


passes over orading belts where 


and bruised fruits are rejected 


The peel, rag, and seeds from the juice 


extractors and finishet combined with 


these rejected fruits, are the source of 


the by-products of citrus Dried citrus 


pulp, molasses, and citrus peel oil are 


the three primary by-products. How- 
ever, citrus seed oil, alcohol, pectin, 
bland syrup, and feed yeast have been 


produce d to a lesser extent 

The production of citrus by-products 
is now firmly established as an integral 
part of almost every citrus canning plant, 
and in some years the proceeds irom by “ 
products could spell the difference be- 


tween profit and loss to the processors 


Citrus Pulp and Molasses 


Dried citrus pulp and citrus molasses 
are discussed together at this point be- 
cause the processing procedure in the 
early stages is identical and both prod- 
ucts can be manufactured in a balanced 
operation. 

The utilization of 
fruit residue for the past 25 


profitable eitrus 


vears has 


resulted mainly from the production of 
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dried citrus pulp two 


Approximately 
million tons of this pulp have been pro- 
since its value as 

Many 


gators (4, 5, 9, 10, 26, 29, 35, 41) have 


snown it to bye 


duced in Florida alone 


nH feed Was first shown 


Iinvesti- 


an excellent bulkv carbo- 


hvdrate feed for both beef and dairy cat- 


tle, with dried grapefruit peel having the 


further advantage of containing factors 


which stimulate milk production in dairy 
cows (3, 11) 


Since the 1941-42 canning season, 


when citrus molasses was first produced, 


thre production of this product has ex- 


panded to a large extent It has proved 


to be an excellent earbohvdrate concen- 
trate, which not only is a feed in itself 
successfully to ensile 


dried 


Cc irbohv- 


but also is used 


non-saccharin grasses, tO pelletize 
citrus pulp, and to increase the 
dried citrus pulp and 


drate content of 


Recently a citrus mo- 


mixed feeds (5) 


lusses fortified with urea and containin: 


y 


an equivalent of 10 to 15 percent crude 


protein has been made available for stock 
leeading 

General Processing Procedure. Thic 
production of dried citrus pulp and mo- 
lasses commences with the accumulated 
citrus cannery residue consisting of peel. 


rag, and seeds which represent approxi- 


i] 
mately 50 percent of the w ole fruit. 
Large tonnages of these residues, accum- 


ulated and held in unprotected open bins, 
are passed continually to hammer mills 


or shredders, where the peel is cut by 
rotating hammers or knives 
approximately 14 by %, 
0.15 to 0.3 


a powder 


Into pieces 


About 


ime 18 


inch 
pereent hydrated 


added as or slurry immedi- 
altter 


rotating screw 


ately before, during, or 
tion of the peel. A 
veyor both mixes and conveys the limed 


comminu- 
con- 
pulp to a pug mill or curing bin. Local 
alkalinity 
chopped peel to a rather bright vellow, 
then slowly to a greyish straw color as 


changes the color of the 


the lime reacts with the acidic compo- 


nents. Although « xpel ienced operators 
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are able to judge the proper quantity of 
lime to add by feel and consistency of 
the peel, automatic control instruments 
High local 
alkalinity resulting from the slow dif- 
fusion of lime is indirectly responsible 


have been used by industry. 


for a rapid degrading and demethylating 


of pectins present Precipitation and 
of the lime 
cCuuses the cells to break down and the 
lime to the peel thoroughly 


The pH of the unbound liquor is then 


coagulation pectin with 


permeate 


lowered, and at the same time syneresis 


sets in, facilitating removal of the press 


liquor. Processes using a pug mill, 


which might be described as a_ huge 
modified screw conveyor, allow approxl- 
minutes 
Those using 


holding bins generally allow about half 


mately 15 to 25 curing time 


prior to pressing large 


an hour for the lime to react In the 
laboratory where the peel was chopped 
into smaller pieces, five minutes reaction 
time appeared sufficient, although longer 
time aided the expulsion of press liquor 
After curing, the peel is carried by con- 
veyor to continuous mechanical presses, 
Louisville or 
used in 


such as the Davenport, 
Zenith. All three 
Florida. These 


presses squeeze the limed peel, reducing 


types are 
continuous mechanical 
its moisture content from approximately 
82 to 72 percent or lower, and about 60 
the weight of the 
residue is obtained as press liquor 


original 
The 
flow diagram for this commercial process 
is shown in Fig. 2. 

In Texas a 
rangement 


percent of 


different ar- 
is employed (44). Curing 
bins of 10-ton capacity are filled with 
limed, peel, As the 
water is released by the lime, it drains 
and is collected, reducing the moisture 
content of the peel from 83.0 to 81.8 
This process yields 20 percent 


somewhat 


chopped bound 


percent. 
press liquor on the weight of original 
without the aid of 
The high yields of 
press liquor obtained in this and the 


residue mechanical 


presses, apparent 
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above example are mathematically ex- 
plained by Pearson's rule (38), which 
takes into account the numerically close 
dry solids content of the press liquor 
versus the unpressed peel. At present, 
several processors in Florida are using a 
procedure that avoids pressing 

Citrus Pulp. 
ally containing 65 to 82 percent mois- 
vwure, is 


The pressed residue, usu- 


driers 
where it is dried to 6 or 8 percent mois- 
ture. 


conveyed to rotating 
The driers commonly used are the 
drier and the 
triple pass rotary direct-fired drier. The 
dried pulp empties directly from the 
driers into cyclone type separators, in 
which the hot 
whirled around the 
The dried fall 
the cone while hot gases exhaust to the 
the the dried 
pulp Is conveyed to a cooler that usually 


consists Of a 


long cylindrical rotary 


from the drier are 
inside of a 


Yuases 
cone 
wall of 


solids onto the 


atmosphere. From cone 


rotating drum through 


Which air is passed counter-current. 
have 
The dried pulp at this 
point is divided into three products: the 
counter-current carries off 


the fines or dust; a rotary screen on the 


Open screw conveyors also been 


used for cooling. 
cooling air 


lower end of the cooling drum separates 
the portion called citrus meal; and the 
material carried through is the dried cit- 
rus pulp. The citrus meal is considered 
to be of lower quality and is generally 
sold at a reduced price, while the fines 
or dust are even less valuable and are 
fertilizer conditioner. 
taken 
considerable care to operate their plants 
avoid fines and 
A few processors consider it more 


sold usually as a 


For this reason processors have 


in such fashion as to 
meal 
advantageous to burn fines as heating 
fuel than to bag and sell them. <A typi- 
cal plant will produce approximately 91 
pereent dried citrus pulp, 8 percent cit- 
rus meal and 1 percent fines 

According to Heid (19), many of the 
attributed to 
such as 


oil-fired 
kiln 


disadvantages 


rotary driers, excessive 
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1000 Boxes of Fruit 
88,000 Lbs 


Juice 
Extractors 


40,480 Lbs. of Juice 
(Approx. 1382 Cases No.2 Cans) 


47,520 Lbs. of Peel, Pulp & Seeds 
82.0 % Moisture 
8544 Lbs. of Dry Matter 


Shred, Lime (03-06 %) 
Cure & Press 


19,008 Lbs. of Press Cake 28512 Lbs of Press Juice 
72.0 % Moisture 887 % Moisture 
5322 Lbs. of Dry Matter 3222 Lbs. of Dry Motter 


‘ 


50 Lbs. of = Evaporote 855 Lbs. of 
Evoporote |3,223 Lbs Steam Distilled Woter in Flash Chamber 


of Woter in Dryer Oil 1 
Seporcted 
from Evaporate 23,182 Lbs. of Woter 


Condensate in Multiple - Effect Evaporator 


5785 Lbs. of Dried Citrus 


Pulp 4475 Lbs. of Citrus Molosses 
8.0 % Moisture 395 Gallons 


5322 Lbs. of Dry Matter 280 % Moisture 


3222 Lbs. of Dry Matter 
Approx | Ton of Sugor 


Fic. 2. Flow and material balance sheet for the processing of citrus residues into dried pulp 


and molasse Ps) 
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temperatures, burning of fines, lower 
vield, and the fire hazard due to sparks, 
can be eliminated by multiple stage dry- 
ing. In this operation three kilns main- 
tained at 230° F. dry the pulp to 32 per- 


cent moisture, and drying is completed 


in a fourth kiln at a gas discharge tem- 


180° | A 


tary drier is used advantageously as the 


pe rature ol steam-tube ro- 


fourth drier, since it allows closer tem- 


perature control, but it is generally 


more expenslve because i boiler Is nec- 


essary Exhaust steam from a cannery, 
if available, may be used economically 
at this stage. Two-stage drying is also 
done in Texas (44), using three identical 
parallel-flow rotary kilns held at 255° F 
in the first 
pleted at 200 F., 
content from 40 to less than 10 percent 


stage. Final drying, com- 


reduces the moisture 


When pressing Is not practiced as in 


Texas, sticking sometimes occurs in the 
drier because the feed is too wet How- 
ever, if the feed is too dry, it may be 
There is at 
erable debate 
drying procedure for producing a quality 
product that is bulky and which 


scorched present consid- 


as to the most economical 


results 
In a minimum of fines 

Many processors make a sugar-sweet 
pulp, adding 20 to 30 percent citrus mo- 
lasses to this pulp before, during, or after 
the drying operation. Sometimes 
added, 
marketing area to which the pulp will 
be shipped. Dried citrus pulp is slightly 
hygroscopic, and, if proper care is not 


more 


molasses is depending on the 


taken, the product will increase in mois- 
ture content to the point where it will 
mold and heat while in storage, 
lowering the quality of the feed 


thereby 
If the 


feed is permitted to heat excessively, it 


can become a definite fire hazard due to 
spontaneous combustion. 

Table 3 presents the average feed an- 
alysis of dried citrus pulp calculated 
from numerous published (38, 9, 25, 30, 
35, 40) and unpublished analyses. Since 
the product is made by a number of 
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TABLE 3 


ax Freep ANALyYsis OF Driep Crrrt 


Per 


methods and from a mixture of orange 


and grapefruit, there is variation 
addition 
citrus molasses increases the carbohy- 


fibe r 


Sole 


trom sample to sample The 


oO! 


drate content and decreases the 


content 


Citrus Molasses. Limed peel wher 


pressed yields a press liquor, peel juice, 


or press juice, whatever it may be called, 


that contains 8 to 15 percent total dis- 


solved solids, of which more than half 


“ure sugars It has 
Po?) to 7.0 The 


through a 


a pH ranging from 
press liquor passes 


stainless steel shaker screen 
to eliminate vrosser particles and then is 
holding tank It is proc- 


heat 


sent to a large 


essed quickly through exchangers 


that raise the 
mately 240° F 


conditions 


temperature to approxi- 
then it is flashed to at- 


This 


(1) peel oil is dis- 


mosphere operation 


serves Toul purposes 
tilled off and recovered as an additional 


by-product; (2) the high temperature 
(3) ecaleium 
salts 


are precipi- 


kills all spoilage organisms; 


citrate and other calelum organic 


inverted solubilities 
tated; and (4) 


suspended matter is aided 


with 
the flocculation of other 
Considerable 
scale is deposited in the high temper: 

this is con- 


ture exchanger However. 


sidered advantageous, since it substan- 
tially decreases scale deposit later in the 
multiple-effect evaporator and permits 
longer periods of operation between shut- 
downs. Some processors partially clar- 
ify the liquor before it enters the evap- 
orator by settling out suspended matter 


The 


in the hot press liquor storage tank. 
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hot press liquor is concentrated to 50 
Brix in 


usually is 


multiple-effeect evaporator and 
the 
larger scale particles that may have loos- 
A foreed circu- 
lation finishing pan completes concentra- 
Brix. A 
flow diagram for a four-body, triple-ef- 


screened to eliminate 


ened in the evaporatol 
, 
schematic 


tion to 72 to 75 


fect evaporator is shown in Fig. 3 


In Texas (44) the abundance of nat- 
ural gas allows the use of an Ozark 
submerged burner. The unit is fed a 


balanced mixture of air and gas to effect 
initial concentration of the press liquor 
The 


liquor then is allowed to settle and is 


by submerged combustion press 
concentrated further by the same type 


burner prior to going to the multiple- 


effect evaporators. These burners bring 
a natural carbonation that lowers 
the pH to 6.0 


Citrus molasses is required to meet 


about 


TABLE 4 

Typicat ANALYsis oF FLtortmpa Crrrus Morasses 
Brix 72.0 
Nitrogen-free extract 62.0 
Total sugars ‘ 15.0 
Moisture 29 0 
Reducing sugars 23.5 
Sucrose 20.5 
pH 5.0 
Carbonate asl 1.7 
Acid, as anhvd., citric % 15 
Nitrogen % « 6.25 41 
Glucoside 3.0 
Pentosans % 16 
Pectin ‘ 1.0 
Fat % 02 
Volatile acids % 0.04 
Fiber % 0.00 
Potassium (K) % 1.1 
Calcium (Ca OS 
Sodir m Na) r 03 
Magnesium (Mg) 0.1 
Iron (Fe) % 0.08 
Chlorine (Cl) % 0.07 
Phosphorus (P) % 0.07 
Silica (SiO.) % 0.01 
M ingunese Mn 0.008 
Copper (Cu) % 0.003 
Niacin (p.p.m 35 
Riboflavin (p.p.m ‘ . 11 
Pantothenic acid (p.p.m.) 10 
Inositol 
Viscosity 25° C centipoises 2000 
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PABLE 5 


PHYSICAL AND CHEMICAL PROPERTIES OF 


10 SAMPLES OF STRIPPER O11 


Strippe * M iXl- Mini- 

mum mum 

Specific gravity 25° C./25° ¢ 0.8433 0.8398 

Refractive index N*° 14721 1.4713 
Optical rotation a> US.90 95.55 
Aldehvade content 1.50 0.47 
Ester content 246 0.07 
Evaporation residue 0.79 0.03 


minimum state standards It must con- 


tain 45 percent total sugars, expressed 


as invert sugar, and test not less than 
33.5° Brix by double dilution. A typi- 
cal analysis compiled from published 
(20, 21, 30) and unpublished data is 


shown in Table 4 
Citrus Stripper Oil. 


tained as a by-product from the manu- 


Stripper oil is ob- 
facture of citrus molasses. Citrus press 
liquor contains 0.20 to 0.50 percent peel 
oil; and, since this oil steam distills read- 
ily, 60 to 80 percent of the oil present in 
the liquor can be recovered by flashing 
from 240° F. 
Florida has a potential stripper oil pro- 
duction of over one million pounds per 
the eitrus 
previous Not 
equipped to recover 


to atmospheric conditions. 


year, based on quantity of 
molasses made ip 


all 


this oil; so yearly production is some- 


years 
processors are 
what less. Stripper oil is usually a mix- 
ture of citrus oils, since the press liquor 
often from a mixture 
of orange and grapefruit peel. It fre- 


is obtained most 
quently possesses a fine citrus oil char- 
acter, marred only by a slight distilled 
character, and contains very little of the 
waxy material ordinarily present in ex- 
pressed citrus oils. Table 5 presents the 
physical and chemical properties of this 
oil 

Since stripper oil 95 


considered 


contains over 


percent of p-limonene, it is 
one of the purest sources for this mono- 


Bell (6) 


recognized 


cyclic 


terpene. 
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this oil as an excellent high-purity, low- 
cost source material for making fine or- 
ganic chemicals. A synthetic spearmint 
oil flavor, L-carvone, already has been 
manufactured Consid- 


from this oil 


erable quantities of citrus stripper oil 
are bought vearly by the paint and var- 
nish industry, since it is an excellent 
anti-skinning agent. Other uses for this 


oil are 


r 


“us an ingredient of clear plastics, 


FOUR-BODY TRIPLE EFFECT 
EVAPORATOR 
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loon-shaped oil saes or vesicles located in 
the outer rind or flavedo of the fruit adja- 
cent to the chromoplasts. Numerous oil 
sacs or glands are located irregularly at 
different depths in the flavedo of all citrus 
fruits. These glands or sac-like intercell- 
ular receptacles have no walls of the usual 
type but are bounded by the debris of de- 
graded tissues. The cells surrounding the 


oil glands contain an aqueous solution of 


650 GPM 


620 Sq. Ft. 


S 


42,650 Lbs./Hr - 80°F 


Fig 3 Flow 


as a base for soap perfumes, and as a 


penetrating oil. 


Citrus Peel Oil 


The essential oil is the first product 


recovered from cannery refuse. Orange 
oil, the most useful citrus oil produced 
in Florida, commands a 


justifies the operation of 


price which 
a plant for its 
recovery. 


Citrus oils are contained in oval, bal- 


and material balance for 


i four-body triple-effect evaporator 


salts, and colloids and exert some 
Winton and Win- 
ton (51) and Braverman (7) describe the 
exact location of these oil saes in their 
discussion of the structure of the flavedo 
of the orange. 


sugars, 


pressure on the glands. 


To secure the oil from the peel of cit- 
rus fruits, oil sacs must be punctured by 
rasping. Methods of 
used in Florida 
vestigated by Kesterson and Hendrick- 


either pressure or 


oil extraction were in- 


Studies relative to the physi- 


son (24) 
Florida 


eal and chemical properties of 
citrus oils are 


discussed in detail 
Coldpressed Oils. 
expressed in 


Citrus peel oils are 
Florida by three different 
types of equipment: (1) Pipkin roll, (2) 
1 (3) Food Machinery 


press, and (3) 
In-Line extractor. A 


screw 


Corporation juice 


typical flow and material balance sheet 
for the screw press is shown in Fig. 4 to 
illustrate the recovery of peel oil \1] 
of the above methods of extraction vive 
an emulsion of oil and water. The oil is 


separated centrifugally from the aqueous 


phase by passing the emulsion through a 
tl rough a 


Following s paration the oil 


sludger and then polisher 
ls stored ior 


to 40) | 
During this winterizing treatment unde- 


approximately one week at 32 


sirable Waxy materials separate from the 


oil and settle The clear oil is decanted 


stainless steel storage tanks or tin- 


Into 
dipped containers, which are then main- 
tained at a storage of about 
40° F. Air usually is excluded from the 


container to prevent deterioration, either 


temperature 


by filling the container full of oil or by 


displacing the air with carbon dioxid 


Distilled Oils. 


Tangerine 1s 


Distilled oil of orange, 


grapefruit, ol secured by 
some processors as a by-product in the 
canning of citrus fruit Juices. Some ot 
the citrus peel oil becomes mixed with 
is extracted in the 


the juice as it can- 


neries Excessive amounts of peel oil in 


the juice are harmful to the quality ol 


canned juice; therefore, in most canning 
plants the oil content of the juice is re- 
duced to a desirable level by passing the 
juice through a de-oiler. The juice is 
usually flashed in the de-oiler, which is 
operated under a vacuum of 11 inches 
(190° F.) to 25.5 inches (130° F.), and 
a vapor mixture of oil and water is re- 
The mixture of oil 


vapors is condensed, and the oil is sep- 


moved. and water 
arated from the condensate by decanting 
Vacuum steam distilled 
this will 


or centrifuging. 


oils manufactured in manner 
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have properties shghtly different from 


oils obtained by steam distillation at 
atmospheric pressure 

Typical Analyses for Coldpressed and 
Distilled Oils. 
the physical 
characteristics ol 


Table 6 includes typical 
values for and chemical 
coldpressed and dis- 
tilled orange, grapefruit, tangerine, and 
Persian lime oils produced in 
Also included in this 


the 


Florida 
table are results 


from analysis of one sample of 


Mi Vel 
AYE vel lemon oil 


t 


steam distilled oil from lemon 


Properties of indicate 
that it is predominantly 
Mevet 
monly believed to be a natural hybrid 


Utilization of Citrus Peel Oil. In re- 


cent orangt 


le mon mm char- 


acter, althoug!] tii lemon is COM- 


vears the manutacture ol 


] 


oil, as well as of grapefruit and tangerine 


oil, has increased to a considerable ex- 
tent in Florida. Essential oils, as they 
are called, find many and varied uses 
for the flavoring and scenting of various 
products These oils are composed Ol 


mixtures of hydrocarbons, oxygenated 


compounds, and non-volatil 
Phe primarily 
penes, while thie oxygenated compounds 


| 


residuc 


hydrocarbons are 


ter- 


are made up Of a variety ol compounds 

ald hydes, esters, acids, alcohols, ke- 
tones, ethers, and phenols. Non-volatile 
residues consist of resins and waxes 


The oxygenated compounds, the princi- 


flavoring agents of citrus oils, may 
constitute from 1.5 to 6.5 percent of the 
original oil 
Because of their flavoring qualities, 
citrus oils have been used in a wide vari- 
of the industries 


ety of products. Some 


in which they are employed are: per- 
fume and toilet goods, beverages, extract. 
baked condiment, 


fectionery, food industry (general), ice 


goods, canning, con- 


cream, preserve, pharmaceutical, recti- 


fying and alcoholic beverage . and soap. 


Citrus Alcohol 
Nolte 


strated in 


(37) 


would be 


demon- 


co-workers 
that it 


and 
1942 


eco- 


UTILIZATION OF CITRUS BY-PRODUCTS 


CITRUS PEEL 
CENTRIFUGE @ SLUDGE FROM 


y 
pay ol JUICE PLANT 
20 TON/HR 


MAKE-UP WATER 
800 GAL /HR 


SCREW PRESS | SCREW PRESS 
10 TON/HR 'O TON/HR 


4 i 


PRESS EFFLUENT PRESS EFFLUENT 
1250 GAL /HR | 1250 GAL /HR 


1200 GAL /HR. CENT EFF 

600 GAL /HR MAKE-UP WATER 
500 GAL. /HR. PRESS EFF 
2500 GAL./HR TOTAL 


i 


SLUDGER 
DEL AVAL SLUDGE MAKE-UP WATER 
6000 RPM 43 GAL. /HR 175 GAL. /HR 


2500 GAL /HR I J 


SLUDGE EFFLUENT 
2457 GAL./HR 


CENTRIFUGE @ SLUDGE 
EFFLUENT 
266! GAL./HR 


CENTRIFUGE 


CENTRIFUGE EFFLUENT DEL AVAL 
| 204 GAL. /HR 6500 RPM 


216 GAL. /HR 


CENTRIFUGE @ SLUDGE 


EFFLUENT 
To | 


MOLASSES PLANT 
1461 GAL. /HR POLISHER 
(3-6* BRIX) SHARPLES 
18000 RPM 
14 GAL./HR 


i 


COLD PRESSED 
PEEL OW 
14 GAL./HR 


SCREW PRESS 
FLOW AND MATERIAL BALANCE SHEET 
COLD PRESSED CITRUS PEEL OIL MANUFACTURE 


AQUEOUS PHASE + 190 GAL./GAL. OIL 
ViELD * 490 LB OIL / TOW PEEL 
VARIETY * MIDSEASON ORANGES 


JauEe © RESTERSON 


wanen 86, 1040 
Our & moourr 


Fic Flow and balance sheet peel oil recovery using screw 
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TABLE 6 
Typica, VALUES FOR THE PHysicat AND CHEMICAL Properties or Cirrus O1Ls 


PropuceD IN FLorRIpA 


Type of oil 
Orange CGrapetruit 


Distilled Coldpressed Distilled 


Number of samples 
inalvzed 


Maxi- Mini- Maxi- Mini- Maxi- Mini- Mini- 


mum mum mum mum mum mum mn mur 


Specific gravity 
25° C./25° C 0.8458 0.8416 0.8400 0.8532 0.8508 0.8539 08415 
Refractive index N=” 1.4734 1.4718 1.4715 14761 14746 14746 14714 


tefractive index of 10% 


distillate Np’ 14715 1.4703 14712 1.4698 


Difference 4 0.0031 0.0008 0.0054 0.0038 
Optical rotation _ 07.76 95.16 92.96 91.19 96.50 
Optical rotation of 10% 

distillate ~ 98.70 96.81 98.14 95.81 
Difference 244 0.00 6.33 3.68 
Aldehyde content—% 2.04 0.92 , 7: 1.67 1.49 
Ester content—% 1.63 0.04 : 2 4.20 2.11 


ration resi- 


4.93 1.07 8.02 6.02 


Meyer 


Tangerine rsian lime 
g lemon 


Cold- Dis- 


‘oldpressec dis le« dist ec 
renee tilled Cold; Distilled Distilled 


Number of samples 
inalwzed 


Maxi- Mini- Maxi- Mini- 


mum mum mum mum 


Specific gravity - 44 
25° C./28° C 0.8456 0.8407 0.8823 0.8798 0.8579 0.8556 0.8555 
Refractive index No , 1.4734 1.4720 1.4853 1.4842 1.4751 1.4743 1.4740 
Refractive index of 10% e 
distillate N2° .. 1.4711 1.4731 1.4729 
ee 0.0023 0.0123 0.0112 
P 91.18 93.67 41.80 38.60 
10% 
distillate a°° : 92.68 49.24 17.60 
Difference : 1.50 9.88 7.00 
A ldehvde content r 1.08 , 5.52 3.66 
Este content O/ 2 0.34 v4, 8.20 7.42 
k vVaporation resi- 
due—% 4.53 2 12.95 


Optical rotation a 


D 
i 


Opti il rotation o 
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nomical to produce aleohol from citrus 
waste. However, it until cane 


molasses Was in short supply and the de- 


Was not 


mand increased for raw materials to pro- 
duce ethyl aleohol during World War ITI 
that citrus was utilized for this purpose. 
During this period the one plant which 
produces alcohol from citrus molasses 
was constructed in Florida 

Citrus molasses is well suited for the 
production of aleohol (CoH;OH), since 
it contains carbohydrates in a form which 
permits direct fermentation by yeast 

General Processing Procedure. 
manulacture 


The 
of aleohol from citrus mo- 
lasses consists of: (1) weighing and mix- 
the 
pure yeast 


ing, (2) preparation of 
culture, (3) addition of 
ture, (4) 
tion 
Utilization of Citrus Alcohol. 


alcohol 


pure yeast 
cul- 
fermentation, and (5) distilla- 
Ethyl 
from citrus is, of course, 
identical with that made from such prod- 


made 


ucts as grain and cane molasses and can 
Whether alcohol 


made from citrus can compete with that 


be put to similar uses 


from other sources depends on various 


economic tactors 


Citrus Feed Yeast 


Although citrus press liquor normally 


is concentrated to citrus molasses, it can 
be used advantageously also in the pro- 
duction of feed yeast. Yeast 
siderable a feed supplement, 
the richest natural 
sources of the B vitamins and contains 
about 50 percent protein. Nolte and 
co-workers (37) were among the first to 
investigate the possibility of fermenting 


has con- 
value as 


since it is one of 


citrus press liquor to feed yeast and al- 
cohol. Torula utilis, a wild, fast-grow- 
ing yeast, was selected because it propa- 
gated rapidly and produced little alco- 
hol. This organism further appeared to 
give the best yeast yield of the five 
tested. Since the press liquor contained 
insufficient nitrogen and phosphates for 
optimum growth, it was necessary to add 
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nutrient salts. From a liquor contain- 


ing one percent total sugars, the workers 
vields ranging from 44 to 48 
percent dry veast by 


obtained 
bateh operation, 
based on the total sugar content of the 
press liquor. Diluted press liquor con- 


taining not more than one percent total 
sugars produced higher yeast yields and 
laster propagation 

(49) later 


able to adapt to citrus liquors a continu- 


Veldhuis and Gordon 


were 


ous method ol termentation developed 


originally for the utilization and disposal 
of liquors obtained during the manufac- 


ture of starch from sweet potatoes \ 


schematic diagram of the eontinuous 
(49) which 


results is sl 


yrocessing procedure vives 
} | 


the most successful 
Fig. 1 

General Prucessing Procedure. ( itrus 
press liquor from the continuous presses 


own 1n 


; 


of a feed mull is first passed 
80-meshi 
larger particles 
bles 

jectionable in the 


through an 
shaker screen to 
The 


remaining are not 


remove the 
suspended insolu- 
considered ob- 
feed veast A 
preheater raises the press liquor temper- 
ature to 140° F 
fermentation while held in a 
age tank. 
the 


final 


to prevent its premature 
large stor- 
The liquor is pumped from 
tank through a 
200° F 
approximately 
heat 
veast 


storage pasteurier 


operating at and then cooled to 


room temperature In a 


exchanger prior to entering the 
propagators. A nu- 


trient solution of ammonium sulfate and 


concentrated 


trisodium phosphate is fed continuously 
to the yeast propagator in proportion to 
the feed liquor. Other 
necessary nutrients are supplied by cit- 
rus press liquor 


rate of press 


For most favorable 
veast growth a pH between 4 and 5 must 
be maintained by the addition of either 
the nutrient solution or ammonia. Since 
the fermentation generates considerable 
heat, cooling coils are put in the bottom 
of the yeast propagator to maintain a 
constant temperature of approximately 
96° F. fitted in 


Porous aeration tubes 
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the bottom of the propagator supply a 


continuous flow of air to maintain rapid 


veast growth The air inhibits fermen- 
and 


tation increases respiration, agitates 
the medium, removes toxic end products, 
and stimulates vegetative growth. From 
500 to 1,200 cubic feet of air 


to produce a pound Ol yeast 


Is necessary 

The citrus 
press liquor moves continuously through 
the propagator so that in a single-stag« 
plant the total detention time is only 
rhe 


suspension 


about three hours propagator dis- 


ast tO a collect- 


after which a continuous cen- 


triluge concentrates ast to a thick 


the ve 
1d 


| 
dried by 


10 To 
then 


slurry of about vercent solids 


This ' 


drum or spray driet 


slurry either a 


TABL 
YEAS 


Compos Dry 


Moisture 
Protein 
Crude fa 
Glycogen 
| Or 

As} 


Utilization and Composition. Thi 
spent liquor from the continuous centri- 
fuges is discharged as a waste product 
By this time the biological oxygen de- 
mand 80 
Ninety-five sugars 
about total 
Veldhuis and 
Gordon (49) obtained 60-percent yields 


reduced 

the 
the 
matter have been utilized 


has been percent. 
percent of and 


65 percent of organic 


when press liquor was diluted with two 
volumes of water and 33-percent yields 
with full strength press liquor. This is 
equivalent to 20 to 36 pounds of feed 
veast per 1.000 pounds ot 10 
The 


tion of feed yeast Irom press liquor (Ta- 


Brix press 
liquor proce ssed average Composl- 
ble 7) was compiled by Nolte and co- 
workers (37), who analyzed a composite 
of 10 samples 
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Significant quantities of thiamin, ribo- 
flavin, ergosterol, niacin, and pantothenic 
acid also are present in the yeast 

No citrus processor at present is mak- 


ing feed veast, since the economics seem 


to favor diversion of press liquor for 


production of citrus molasses. However, 
the process possibly could be used ad- 
vantageously in the disposal ol the more 
dilute 
cannery 


waste liquors found in a citrus 


because liquors of low sugar 
content can be utilized effectively 
Although feed 


portance as 


yeast has ache ved llhi- 


a high protein feed for ani- 


mals, it ean be refined and made more 


palatable for human consumption 


the 


Since 


It is richest natural source of bio- 


] ] , ] ] ] 
logically complete proteins and a rich 
E 7 


r AND \sH 


ANALYSIS OF 


\s} Percent 
15.75 
Magnesium oxide 1.95 
Calcium oxide 1.26 
Silicon dioxide 2.58 
Sulfur trioxide 7.79 
Chlorine 0.22 
Iron oxide 0.40 
Sodium and pot 37.05 


Phosphorus pentoxide 


issium oxides 


source of a pellagra-preventing factor, it 
many beneficial medical In 
Germany during World Wars I and II 


it Was recognized as 


has uses 


an excellent 
nutrients and 


source 


of essential Was used ex- 


tensively in preparation of “ersatz” 


foods 


Citrus Seed Oil 

The production ol ¢ecitrus seed oil has 
grown steadily from 45 tons during the 
1938-39 
vearly production of 500 tons 


estimated 
Although 
citrus seed oil 


season (36) to an 


the manufacture of has 
been of minor importance in the citrus 
well-estab- 


The 


production ol citrus seed oil seems to 


industry, it seems to be a 
lished small enterprise at present. 


be highly desirable, since it provides a 
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more profitable outlet for the seeds than 
dried 


Varieties Ol 


does processing into citrus pulp 


Obviously, only 


suitable. 


seedy eitrus 


are 


According to Fudge (15), average 
vield wet seeds from seedy Varieties 
Ol grapelrult 1s about 2 to 2.5 percent ol 
the weight of the whole fruit. Since the 
quantity (45) of seedy grapelruit proc- 
essed Florida during the 1949-50 sea- 
son amounted to approximately 9.5 mil- 


lion boxes (85 pounds fruit per box), the 
potential Vik ld of wet seeds would be 
about 9,000 tons. From this quantity 


of seeds Aa caleulated Vit ld ol 1.350 tons 


of oil could be produced Calculated 
Vie Ids are premised on the basis that 
wet seeds contain 50 percent moisture 
and dried seeds contain 30 percent oil 


During this same period (45), 20 million 


boxes (90 pounds fruit per box) of mid- 


season oranges, containing about 4 per- 
cent seeds on a whole-fruit basis, were 
processed The potential Vik ld of wet 
seeds would then be about 36.000 tons. 
and from this quantity a caleulated 
vield of 5400 tons of oil could be pro- 
duced The total potential of seed oil 


6.750 Beeause 


utl- 


would bye about tons 


only a few of the seeds available 


lized, the 
sic rably 


are 
quantity of oil produced is con- 
less 

\t present there is one plant in Florida 


which specializes solely in the produc- 


tion of oil from eitrus seeds. Howeve ,. 


many processing plants collect and dry 
and then ship them to an extrac- 
t10n plant for removal of the oil. Many 
13, 14, 22, 23, 27, 36 


20, 2/, 30, 
determined 


seeds 


Investigators (1, 


47, 48) have the physical 


and chemical properties of these oils, 

showing their possible commercial use 
General Processing Procedure. Th 

seeds are obtained usually from two 


(1) residue from single strength 
and concentrate plants, consisting 
and pulp, and (2) the 
plants, which 
and 


sources: 
juice 
of peel, seed, rag, 
residue 


from sectionizing 


consists of only seed, 


pulp. A 


rag, 
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schematie diagram of the 
the 


oil is shown 


processing pro- 


cedure for manufacture 
Fig. 1 


mon distillation methods has been found 
suitable 


of citrus seed 
None ot the com- 
for recovering or refining citrus 
seed oil 
Refining. 
holding 
ple 


taste 


oil collected In 
reddish 
aroma, an extremely 
The refined | 


DY 
calculated amount of 


Unrefined 


tanks has a color, a 
and 


oil is 


asant bitter 


mixing it 


with a caustic soda 


solution. This forms an emulsion which 


breaks when the mixture is heate d gently 


to 50° C. for 10 to 15 minutes with mild 


agitation. The precipitated soap stock 


is allowed to settle; then it is separated 
by filtration. The oil then is washed 
and heated to 100° C. to remove the last 
traces Of molsture The caustic treat- 
ment neutralizes Tree Tatty ic1lds and 
removes bitterness The oil may bi 
further refined by adding activated car- 
bon and filter cel and filtering 


Utilization of Pamala Seed Oils, 
and Hulls. The 
citrus oil 
oil, for which 


Meal, 
lavor of a highly refined 
seed resembles that of olive 
it has been substituted. It 
in color and is considered 


pale vellow 


suited for food It 
aiter 


the manufacture of butte 


and well 


used 


W holesome 


has been hydrogenation in 


substitute < 


} 1 
and, in some mstances, a cooKiIng tat 


The lower grades of citrus seed oil 


used in the manufacture of soap and in 
the preparation of sulfonated oils for the 
extile industry 


A brominated seed oil of hig! 


(approximately 1.30) has been produced 
the 


density 


10! 
ce nsity ol the 


to that of 


use in beverage industry. The 


flavoring oils is adjusted 
adding bromi- 
nated oil, thus preventing ring formation 
around the 


The 


the drink by 


] 
} 


top of the bottled beverage. 


press cake or seed mea usually is 
broken up and blended with dried extras 
pulp and sold cattle feed. The 
is high in protein and fat, both of which 
the diets of cores 


(16) demonstrated that 


mei al 


are essential in 


Glasseock et al. 
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rus seeqd Mcul Was HS \ iluable is COot- 
tonseed meal in meeting the protein re- 
julrements of growing and _ fattening 
steers but that it was harmful to swine 
vhnel ed at levels s |OW Aas 10 percent 
ol the total ratiol Che meal has been 
used to some extent as poultry feed 
However before it cal bye 1eqd to poultry 


must be solvent-extracted to remove 


moni thre bitter principl present i 
the seed (14) 

The hulls are usually sold to fertilize 
wants as a conditioner tor tertilize! 


Citrus Bland Syrup 
| “ae 


vear approximately 20 million 
] 


pounds Of sugar are purchased by thie 
citrus industry of Florida to sweeten 
single-strength citrus juices and canned 
grapetrult sections Of this quantity, 
ovel half is used as a 40 to 50 Brix 
syrup in packing sections. At present 
this syrup is made by dissolving in a 


tank 


dextrose in water A 


blending mixtures of sucrose and 


similarly swe 
<vrup can he mace trom citrus Waste 
liquors by methods that may show eco- 


nomical advantages over the purchase of 


raw sugai Since the sugars found in 
citrus are always partially inverted 
there seems to be very little chance of] 
making a crystallized sugar. However, 
liquid sugar solutions are easier to han- 
dle and are more in demand today. Phe 


production of bland syrup is premised 


on the use of ion exchange resins that 


nave the 


capacity ol 
| 


removing, by ex- 


change adsorption, the citric acid, min- 
erals, and other impurities present in 
citrus juices. The dilute pure sugar so- 


lution thus obtained is then concentrated 


by conventional! methods to thre desired 
$rix 


The application of ion exchange resins 


has been investigated more thoroughly 
for demineralizing cane syrups, beet 
syrups, and molasses to increase yields 
of raw sugar However, three citrus 


processing plants in Florida have, at 
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Various times nvestigated 10n exe ne 


resins In pllot plant o1 moderate-scale 


plant equipment. Since the process re- 
quires considel ible technical skill is 


well as a large initial investment, its de- 


slow By persistent 


effort, one plant has applied the process 
vantage 
In manufacturing citrus bland syrup, 


hquor should not be 


citrus press con- 
sidered as the only source material for 
Its production Juice lTrom excess Citrus 


Iruit, not suitable tor production of con- 


centrates or single-strength juice, could 
bye used Sine eitrus ulces AVE a 
higher sugar purity and tewer impurities 
than peel liquor, their use can consid- 
erably shorten and simplify the process 
()ver-mature tangerimes§ are especially 
suited, since tangerine juice tends to be 


very sweet and is a nimimum of citric 
acid. With orange and grapefruit juices 
and orange and grapefruit peel press 


liquol thre proble ae becomes SUCCESSIVE ly 


more adimeutt I} 1S 1s accounted lo! by 


two tactors Citrus a bit- 


Iruits contain 


ter glucoside hesperidin In the case ol 


oranges and tangerines, and naringin in 


grapefruit, which is both bitter and dif- 


ficult to remove The bitterness of nar- 
ingin is quite pronounced and = appar- 
ently is more difheult to remove than 
that attributable to hesperidin. = Thi 
quantity of glucosides is much higher in 


peel press liquors than in the citrus 


due to the lime addition which increases 
the glucoside solubility (sore (17) 
treated strained orange julce with five 


percent Of an anion exchange resin and 


produced, after filtering and concentrat- 


ing, a clear, well-flavored and well- 


colored syrup. Similarly prepared syrup 


Irom grapetrult juice possessed a bitter 


taste 
General Processing Procedure. inc 
the manufacture of bland syrup from 


citrus press liquor is most difficult, it has 
been described with the knowledge that 


certain steps can by 


avoided by 


using 
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juices of higher purity. The process is 


broken down conven ntly Into tire Oy l'- 


ations shown in Fig. 1: clarification (20), 


ion exchange purification, decolorization 


(SS). and concentration 


Citrus Pectin 


The pectic stances in citrus peel 


are beheved to be associated intimately 
with cellulose, either in the outer cell 
walls (46) or between each of the ad- 
jacent cellulose walls of the cells. Cit- 


rus peel is a rich source of pectin, the 


amount varying With season and vari ty 


It is usually most abundant in immature 


fruit as protopectin, which ean be lib- 


erated as soluble pectin by various enzy- 


As the 


season progresses, the jelly units of peec- 


matic and chemical methods 


tin in the peel diminish, and the quan- 


titv ol insoluble protopectin decreases 


Since pectin is not a pure substance, its 


evaluation depends largely on the mo- 


lecular =1zZe ot substance ae- 


the pectic 


t 


gree of esterification, amount otf ac- 


companyving ballast material, and metho 


| 
ol manulacture The ut lling powel and 


Viscosity of pectin solutions 


(if yo nd on 


the number of galacturonic acid units 


strung togethe to form each molecule, 
for the the molecular size, the 


higher the jelly strength. The 


larger 
degree o} 
polymerization is dependent 


method It is 


upon tiie 


extraction common to 


speak Ol pectin as having a certain 


grade, which refers to the number of 


pounds of sugar that can be gelled by 
one pound of the pectin in accordance 
Anothet 


used conveniently is the jelly unit, ob- 


with a standard method term 


tained by multiplying together the per- 
cent vield and jelly grade of the pectin 

Although all citrus peels contain com- 
paratively large quantities of pectin, 
lemon and grapefruit are most suitable 
for its extraction. In Florida, the pro- 
duction of pectin has been limited mostly 
to dried citrus pomace, a crude product 


bought by jam and jelly manufacturers, 
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Tron W it eC n is ext eted DV menns 
0 oO icid solutions \ WOXMNATCLY 

( pectin manulactured l 

U1 ed States Ss «der ed 0 ( D 
(Os \ ClMnoOns ) | ( roadue Ol! 0 
refined lt Cradt pect] l 0 Cs Cone 
siderable know-how ind experience Ss 
ve : rge eapit nvestmi For 
These re “Ons pectin rodaue oO | Or- 
1a us aeveroped SIOWLY 

General Processing Procedure. \{etli- 
ods Of Isolating pectin from citrus fruits 
rt humerous Howeve) ts ! nulace- 
ture can bye broker mown into tou oper- 
tions Cue ng xtractiol ( ritie = 
tol (i ISOLAtTIoOl 

Li i( ll [ ( ecu ed ning 
esldue, Consisting Of pec rag ad seeds 
Is the raw materia Chis must be proe- 
Cssead WI out undue ae \ to inact ( 
(D\ Cal) thre CNnZVnes rest ad 
ereby pre ent the degradation o ( 
pectin The enzymes, protopectinas 
WCTINUSE and pectase, re catalysts 
Vive cause the bre ikdown of pectin and 
seriously decrease the elly units ob- 


. a : : 
tained The seeds and rag 


Ss a> removed 
by passing the cannery residue through 
i rotary screen With one-inel! 
Fine water jets loeated inside thi 
separation The peel 1s 


veved to a temporary storage point and 
‘ si ‘ 


I 
vithdrawn as required for | ching 
Just prior to entering the leae ] tank the 
peel is cut into pieces trom ln to ly nel 


\ weighed quantity of chopped 


Ih S1Z¢ | 
peel is dropped from an overhead hopp: r 
tank fitted with 


Into a false bottom leach 


an agitator and containing boiling water 
The 


he leaching 


Mass Is agitate ad continuously to aid 


Live steam is admitted to 


raise and maimtain the temperature at 
90° C. for five minutes. An equal quan- 
titv ol cold water is added to reduce the 
temperature quickly from 90°C. to 
60° © Then the tank is drained im- 
mediately Two further leachings of 


short duration are made with cold water. 


They remove most of the remaining sol- 
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uble constituents, such as acids, 


sugars, 


and minerals, which are considered con- 


taminants Some soluble pectin also 1s 
removed by this operation, but the loss 


little low 


s ol significance since it Is Ol 


grade. A hydraulic press squeezes the 
leached peel, releasing further traces ol 


Che leached 


pressed peel Is how ready lor extraction, 


soluble impurities and 


dried in steam- 


stored 


or if desired, it may be 


driers and in silos for 


Lo \ 


necessary to 


tube rotary 


subsequent use temperature con- 


trolled drying is 


pre vent 


CXCESSIVE loss ot orc This dried prod- 


uct, containing five to ten percent pectin 


is commonly called pectin pomace and 


has been used tor the manutacture ol 


ams and marmalades 


The leached and pressed 


Iextractiol 


peel is conveved into a tank fitted wit! 

stenin ¢o and agitator where the 1Insol- 
uble protopectin is converted to soluble 
pectil Dy eld hydrolysis Conversion 
s carried out at a pH of approximately 
24 ove one-hour period at approxi- 
mately YO> ( The mass s agitated 


continuously during the extraction. E1i- 


ther hydrochiorie o1 ictic acid can be 
used, but the entire operation must be 
controlled carefully since destructive 
hvdrolytie action on the pectin itself 1s 
POSSIDIE 

extraction ¢al er earned out with 
other acids also, both mineral and or- 
VAN Although the fundamental ex- 


traction conditions are not necessarily 


Irult, 


able to 


the same for all varieties of citrus 
Myers and 34) 
determine the optimum pH, temperature, 
holding albedo 
both maximum yield and maximum jelly 
Myers 


and Rouse (31), avoids the use of acid 
bv adding a cationic exchange resin that 


Baker (33, were 


and time of lemon for 


units (one process, patented by 


adsorbs sufficient cations from the ex- 


traction solution to lower the pH to thi 
Although 


resin must be recovered later, this proc- 


proper extent the exchange 


ess has the advantage ot decreased ash, 


BOTANY 


simplification of isolation procedure, 


vields of high 


pH 


metals, 


ighe grade pectin at 


highet readings removal Ol toxic 


heavy lower Viscosity at higher 
concentrations, and lower eh mical costs 
As the pectin dissolves in the acid solu- 
becomes more and more 
Sufficient 


the 


tion, it viscous 
added to 
extraction tank to provide a rela- 
(0.5 to 0.7 
further 
dissolving the higher grade pectin, whiel 
After on 


contents ol thre 


water, therefore, is 


tively dilute pectin solution 


percent) This dilution aids in 


is Increasingly insoluble hour 


at YO ik: tive extraction 


tank are cooled qui kly to GO" t. Ds 


circulating cold water 


ind the 


through thie steam 


coils solution is then ready for 


clarineation 


The dilute viscous pee- 


solution and insoluble pulp ai 
ar 
O  Daske ceentrilug where 


it 
Nn Of the pulp is removed The Cen- 


is collected in a clarify- 


roc¢ ssed In accord Lice 


with its ultimate use When manufac- 


low methoxyl pectin, it is con- 


venient to de-esterifyv the pectin solution 


Three 


erally available for partially demethyl- 


it this point methods are gen- 
ating pectin: (1) acid hydrolysis wherein 
thie pH is decreased by adding hydro- 


chlorie acid (2) enzyme hydrolysis by 
pectase of tomato origin, and (3) mild 
much 
last 
used 


must be 


saponification with ammonia at 


reduced temperatures. Since the 
two methods are rapid, they are 
commercially However, care 
taken to inactivate or neutralize the en- 
before the 


ZV reaction proceeds too 


far. Further purification and decoloring 
stirring the pectin 
solution with activated carbon for 20 to 
30 60°C. After a 
small quantity of filter aid is added, the 


Is accomplished by 


minutes at 55° to 


pectin solution is filtered through a pre- 
coated plate and frame filter press and 
is ready for isolation 

The 


from its solution can be accomplished by 


Isolation isolation of pectin 
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numerous methods, but it is advanta- 
geous first to concentrate the clear dilute 
pectin solution in multiple-effect evap- 
The 


as much 


orators under reduced pressure 
pectin solution is concentrated 
as its viscosity will conveniently allow 
and sent to a blending tank where the 
pH is adjusted to 3.5 with ammonia or 
soda ash, depending on ash_ specifica- 
tions. Sugar is added to standardize thi 
grade, whereupon the 4 to 6.5 percent 
pectin solution can either be sterilized 
and sold as a liquid or dried by a rotary 
drum or spray driet 

Another requiring 
ably more skill, depends on precipitating 
an adjusted pH with an 
aluminum salt and ammonium hydrox- 
ide, skimming, 


drying the product 


process, consider- 


thre pectin at 


pressing and 
It is refined further 


by washing with acid aleohol and then 


vacuull- 


plain alcohol to remove the last trace of 
The 
Dried pectin can 


acid and aluminum product is 
vacuum dried again. 
be obtained as either a flake or a powder, 
depending on the drying technique used 
However, the dried product 


micropulverized and marketed as a very 


usually is 


rine powder 

Utilization of Citrus Pectin. Jellies, 
jams, and marmalades in their various 
forms are probably the first 
which utilized pectin 
not recognized until some 25 years ago 


products 
However, it was 
that pectin alone was not sufficient for 


the manufacture of gels. It has since 
been found that the presence of pectin, 
sugar, and acid in the proper proportions 
manufacture of 


Today the preserve in- 


is necessary for the 
jelly products 
dustry is still the largest single outlet for 
this substance. Continued research has 
developed new applications for pectin, 
considerably increasing its use 

The shortage of eriti- 
cal supplies in the candy industry (18) 
resulted in a_ stimulated 
program to develop new products in or- 
maintain 


Confectionery. 


has research 


der to volume production. 
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Among these products are modified pee- 
tins obtained by partial de-esterification, 
referred to as low-methoxy] pectins 
This type pectin Is used to produce low- 
well as to de- 


sugar-content candies as 


velop new types of candies. Low-meth- 
oxy! pectins depend upon a reaction with 
a metallic ion such as ealeium to form 
an acid and 


The 


jellies 


gels, rather than a high con- 


centration of sugat have 


pectins 


used to make pectin jelly 


and cream-center-ty yo 


been 
candies, candies 
They also have been used to form pro- 


tective coatings or glazing agents for 
candies 


Meat 


used in the meat 


(43) 


sucl 


Packing. Pectinate films 
packing industry, 
other 


dip 


The process is simple; the meat 


“4S CAasSINgs ON SAUSALCS, 


nam, and 


processed meats, are applied by 
coating 
into the and 


Is molded desired shape 


then dipped in a dispersion of calcium 
sodium pectinate The 
dried, and the 
attractive casing 
Food Industry 
food industry for a variety of products 
Films of pectinate 
and different 
cations offer possibilities in preserving 


el coating 1s 


y 
f 
I 


resulting film forms an 


Pectin is used in the 
sodium 


the caleium 


type others made with 


, and as an 
for dried 


frozen foods, cheese, fish, ete 
anti-sticking or glazing agent 
fruits. It 


stabilizer in 


or candied is also used as a 


salad dressings, catsup, 


table sauces, mayonnaise, puddings, and 
ice creams. 
Pharmaceutical. Pectin 
multitude of properties which have po- 
tential value in the medicinal field 


Numerous 


possesses a 


contributions on the use of 
apples for the treatment of gastro-in- 
testinal disturbances made. 
Malyoth (28) suggested that the efficacy 
of raw apples was due to its pectin con- 
tent. Winters and Tompkins (50), in 
controlled that 
pectin-agar in a mixture of dextrimaltose 


have been 


experiments, observed 


is far more effective than scraped raw 
apples in the treatment of infant diar- 
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rhea. Pectin, when combined with met- 
als, forms compounds referred to as pec- 
tinates. Myers and Rouse (32) discuss 
one of these compounds, nickel pectinate 
and show that clinical evidence has dem- 
onstrated its value in the treatment of 
acute and chronic bacillary dysentery, 
and infected 
nickel, 


acute ulcerative colitis, 


wounds Pectinates of cobalt, 


manganese, lead, zine, copper, calcium, 
and silver have been discussed by Arnold 
(2) and their bactericidal action shown 

Calcium pectinate films may be used 
in surgical dressings in the manner of 
celluronic acid gauzes. Pharmaceutical 
pastes and ointments can be 
with 


stabilized 
and medicants 


corporated in it 


pectin Various In- 


Miscellaneous 


The 


metallic 


fire-retardant 
properties of make 
them useful in film-coating preparations 


lor 


pectinates 


use on flammable surfaces or as 
films for use as decorations or draperies 
Pectin can be used as an emulsifier for 
various oils, such as essential oils, castor 
oil, mineral oil, cottonseed oil, and olive 
oil and 


Glue and 


lor tree-spray preparations 


mucilages also are made of 


pectin and pectates have been used as 


creaming agents for liquid latex, as well 
as for hardening steel 


Other Potential By-Products of Citrus 


Several potential that 


could be produced commercially, will be 


by-products, 


discussed briefly to show how they could 


increase the overall value of citrus by- 


products. 
Bioflavanoids. The 


he glucosides, narin- 
gin and hesperidin, found in grapefruit 
and oranges offer an excellent possibility 
for development into a_ profitable by- 
product. 


in the 


Several million pounds occur 
Florida al- 
recovered for The 
chemical industry has indicated that a 
potential market 


annual harvest, but 


most none 1s use 


exists for large ton- 


nages of these glucosides, which may 
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that would make them a 


profitable by-product : 


bring a price 
Since naringin yields naringenin, glu- 
and 
could be 


cose, rhamnose 


upon hydrolysis, it 
used as a source material for 
The bit- 
ter taste imparted by naringin could be 
used in the preparation § of 
drinks and tonics 


the preparation of rhamnose 


beverage 
Naringenin, the prod- 
uct obtained by acid hydrolysis, may be 
further hydrolyzed by potassium hy- 
droxide to yield p-coumarie acid and 
phloroglucin. These compounds may in 
turn be used to prepare antioxidants and 
other synthetic organie chemicals. U.S 
Patent No. 2,748,107 Azo 


Dyestuffs” has recently been issued to 


“CGlucoside 


the University of Florida for a process 
which utilizes the bioflavanoids as dye 
intermediates considerable 
has been shown in Vitamin P- 
They generally 
a mixture of hesperidin 
and little is 
their physiological rele in 
Other 
effective for similar therapeutic uses, and 
In some Ci 


Recently, 
interest 
like 
thought 
and 


compounds 
be 
eriodictin 


are 
to 
known of 
animal me- 


tabolism flavanones have been 


ises naringin, or naringenin, 
has shown vreatel physiological activity 
than hesperidin Possibly, therefore, 
the chemical similarity between naringin 
and Vitamin P will be 
used to better advantage, especially In 
light of its better solubility. 

Beverage Base. 


non-aleoholic bottled beverages in 


components ol 


The consumption of 
this 
country has created a multi-million dol- 
lar industry. In recent years beverages 
containing fruit juices have contributed 
to this volume. However, of the fruit 
that intro- 
eitrus 
lime, and 
widely popular. 
blended 
fruit juices, such as pineapple, banana, 
etc. 

Wines, Brandies, Liqueurs, and Vine- 
gar. Like every other fruit juice con- 


juice beverages have been 


duced, 
lemon, 


only beverages, orange, 


grapefruit, became 


Citrus juices also have 


been with other competitive 


UTILIZATION OF 


ler- 
Citrus 


taining sugar, citrus juices can be 
mented into aleoholiec beverages. 
wines do not necessarily 
fruits 


they are prepared, in the same way that 


characteristics of the from which 
Wines proper do not resemble the flavor 
of grapes from which they are fermented 
By adding more sugar to the fermenting 
citrus juices, the aleohol content of the 
resulting product will also increase. If 
this wine is distilled, a good brandy can 
be obtained. Liqueurs can be prepared 
by adding sugar and flavoring extracts 
to the distilled product. 

Superior table vinegars have been 
made from orange, grapefruit, and tan- 
gerine 
alcoholic fermentation of the juice, fol- 


Juices They were made by an 
lowed by conversion of the aleohol to 
acetic acid by the action of acetic acid 
bacteria under aerobic conditions. It 1s 
expected that citrus vinegars can com- 
pete successfully with wine vinegars now 
on the market. 
Fermentation Products. 
a citrus processing plant 
known 
These sugars probably 


The waste 


waters from 


contain one of the cheapest 
sources Of sugar 
could be utilized by fermentation to pro- 
chemicals such as antibi- 


duce various 


oties, lactic aeid, glycols, yeast, and 


various other products. To date, very 
little has been done to explore the poten- 
tialities of these wastes by fermentation 
processes While the various possibili- 
ties for the utilization of these sugars is 
unknown, they seem to offer a most in- 
teresting line of research for the profit- 
able disposal of citrus wastes 
Miscellaneous By-Products. While the 
foregoing examples are some of the most 
striking possibilities of what can be done 
in a by-product operation, there are still 
other interesting possibilities that should 
Other products not 
manufactured now but with possibilities 


not be overlooked. 


worthy of development are ascorbie acid, 
citric acid, and inositol 


The recovery of inositol from citrus 
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fruits is being investigated. Its principal 


market thus far has been in the phar- 


maceutical industry; however, it is 
thought to have lnportant appheations 
as a chemical raw material 


Literature Cited 


\nonymous Oil-vielding seeds 


nam. Olien en Vetten 
1920 

Arnold | The wcte 
pectin ind metal pectinates 
Dig. Dis. 6: 104. 1939 
Arnold, P. T. Dix, R. B. Bec 
Neal Che 


roperties of citru bv-} 


iologica 


ind W M 
feeding value and nutritive 
roducts 
Dried grapefruit pulp for milk 
tion. Fla. Agr. Ex; ta. Bul. 354 
1941 
Baker 
fattening ration Fla. Agr 
Cire, S-22: 1-7. 1950 
Becker, R. B 1. DE nold, G. K 
Davis and E ‘itrus molasses 
Fla. Agr. Exp re Bul. 623: 1-2 
1946 
Bell, S. A 
Perf. Essent 
Braverman, J 
pp. 1949 
Burdick, EF. M., and R. H 


from 


Fr. S Citrus molasses in 


By-product distilled citrus o1 
Oil Ree, 40: 205-208. 1949 
B.S. Citrus Products. 424 


moval of naringin 
taining the same l 
2.510.797. June 6, 1950 

Copeland, O. C.. and C 
Dried citrus peel and 
lactating cows Tex \gi 
658: 5-17. 1944 

Cunha r Pe \ M Pe 
cock, D. M. Buschman and S 


Preliminary observations on the 


irson, R 

Folks 

feeding 

value of citrus and cane molasses fot 
swint Fla. Agr. Exp 
1-6. 1950 

Davis, R. N., and A. R 
tating 
grapetruit 
973-975 

De Villers 
orange and ke mon seeds | irming in S&S 
Africa 6: 132. 1931 

Diedricks, A. Hitherto little inve 
seeds and their oils Z. Nahi 
27: 132. 1914 

Driggers, J. C.. G. K. Davis and N. R 
Mehrhof Toxic factor in 
meal, Fla. Agr. Exp. Sta. Bul. 476: 5-36 
1951 


S-10 


Kemmeret 
factors for dairy cows 
peel. J 
1948 


Francis J 


Dairy 


Citrus by-products 


stigated 


Crenussm 


eitrus seed 


184 


15 


20 


99 


ECONOMIC 


Fudge, B. R 


heiency in 


Relation of magnesium de- 


grapefruit leaves to vield and 


chemical composition of truit Fla. Agu 

Exp. Sta. Bul. 331: 1-36. 1939 
Glasscock, R. S., T. J. Cunha, A M. Pear- 

son, J. FE Pace and D. M. Buschman 


Preliminary obser, itions on citrus seed 


meal as a protein supplement for fatten- 
Ing steers and swine Fla. Agr. Exp. Sta 
Cire. S-12: 1 1950 

Gore, H. C. Use of an anion exchange 
resin in the preparation of svrups from 
orange and grapefruit juices. Fruit Prod 
Journ. & Am. Food Manuf. 27(3): 75-76 
1947 

Hall, H. H., and Fred. J. Fahs. Modified 
pectins make possible new type candies 
The Confectioner. October 1946 

Heid, J. L. Drving citrus cannery wastes 
and disposing of effluents. Food Ind 
17: 1479-1483. 1945 

Hendrickson R Florida citrus molasses 
Clarification of citrus press liquor. Fla 
Agr. Exp. Sta. Bul. 469: 5-24. 1950 

Iranzo J R ind M kK Veldhuis The 
composition of Florida citrus molasses 
Pro Fla. State Hort. Soc. 61: 205-211 
1948 

Jamieson, G. S8., W. F. Baughman and §. I 
Gertler. Grapefruit seed oil, Oil and 
Fat Ind. 7: 5: 181. 1930 

Jamieson G. S Vegetable fats and oils 


Amer. Chem. Soc. Monograph.: 206-207 
1932 

Kesterson, J. W ind R. Hendrickson 
Essential oils from Florida citrus. Fla 
Agr. Exp. Sta. Bul. 521: 5-7. 1953 

Kirk. W.G ind R. M. Crown Fattening 
market hogs in dry lot. Fla. Agr. Exp 
Sta. Bul. 428: 7-20. 1947 

. E.R Felton, H. J Fulford and 

E. M Hodges Citrus products for fat- 
tening cattle Fla. Agr. Exp. Sta. Bul 
154: 5-16. 1949 

Kobayashi I Ss The seed oils from 
oranges. I. J. Chem. Ind. (Japan) 21: 
1235-1245. 1918 

Malvoth, G Pectin, the most effective 
constituent of the apple diet Klin 
Wehnschr. 13: 51 1934 

Mead, S. W., and H. R. Guilbert The di- 


gestibility of certain fruit by-products as 
Calif. Agr 
1926 


of eitrus bv- 


determined for 

Exp. Sta. Bul 
Miller, Ralph L 

products in the feed industry 

Ind. 30(3): 16-17. 1949 
Myers, P. B., and A. H. Rouse. Extrac- 

tion and recovery of pectin. U. 8. Pat- 
No. 2,323,483. July 6, 1943 


ruminants 
409: 3-11 

The place 
Citrus 


ent 


BOTANY 

32. Myers, Philip B., and A. H. Rouss Pecti- 
nates with special reference to nickel 
pectinate ind then therapeuti value 
Amer. J. Dig. Dis. 7: 39-44. 1940 

33. Mvers, P. B., and G. L. Baker Fruit. jel- 
lies VI The role of pectin 2. The ex- 
raction of pectin trom pect materials 
Del. Agr. Exp. Sta. Bul. 160: 3-64. 1929 

34 ind Fruit jellies. VII 
The rol of pectin. 3. Effect of tempera- 
ture upon the extraction of pectin Del 
Agr. Exp. Sta. Bul. 168: 1-46. 1931 

35. Neal. W. M., R. B. Becker and P. T. Dix 
Arnold. The feeding value and nutritive 
properties of citrus by-products. I—The 
digestibile nutrients of dried grapefruit 
ind or inge cannerv refuse, and the feed- 
ing value of the grapefruit refuse fo 
growing heifers. Fla. Agr. Exp. Sta. Bul 
275: 3-26. 1935 

36 Nolte \ J ind H W von Loe secke 
Grapefruit seed oil Ind. & Eng. Chem 
32: 1244. 1940 

37 ind G N. Pulley Feed 
veast ind industrial alcohol Irom citrus 
waste press juice Ind. Eng. Chem. 34: 
670. 1942 

38. Pearson, R \ The eomposition ol milk 
and cream and then by-products Cor- 
nell Univ. Farmers Reading Course Bul 
22: 401-416. 1904 

39. Poor H. D Recovery of naringin and 
pectin from grapefruit residue. Ind. Eng 
Chem. 26: 637. 1934 

10. Pulley, G. N and H. W. von Loesecke 
Drying method changes composition of 
grapetruit by-product Food Ind. 12(6) 
62-63, 100-101 1940 

41 Regan W M and Ss W Me id The 
value of orange pulp for milk produc- 
tion. Calif. Agr. Exp. Sta. Bul. 427 
3-16. 1927 

412. Roberts, J. A.. and L. W. Gaddum. Com- 
position of citrus fruit juices. Ind. & 
Eng. Chem. 29: 574-575. 1937 

43. Schultz, T. H.. H. S. Owens and W. D 
Maclay Pectinate films J. Colloid Sei 
3: 53-62. 1948 

44. Shearon Will H and E M Burdick 
Citrus fruit processing Ind. & Eng 
Chem. 40: 370-378 1948 

45. Schuler, Paul F Florida citrus fruit Fla 
Crop & Livestock Reporting Service, Or- 
lando 9: No. 1 1956 

46. Sur haripa, R Protopectin and some other 
constituents of lemon peel. Jour. Am 
Chem. Soc. 46: 145-156. 1924 

417. Swift, Lvle J. Tangerine seed oil. J. Amer 


Oil Chemists Soc. 26(8): 438-441 


1949. 


UTILIZATION OF 


18. Van Atta, G. R 
lencia orange 
19. 1944 

149. Veldhuis, M. Kk 


periments on 


and W. C. Dietrich Va- 
seed oil Oil and Soap 21: 
ind W. O 
production of 
Prov 


1947 


Ex- 
veast 


( rordon 
feed 
Fla 


trom State 


Hort 


citrus p 


juice 


Soc, 60: 32-36 


Utilization 
Japanese Floor Mats. \at coverings 
for floors in most Japanese homes are woven 
from igusa, Juncus effusus L. var 
Buch. Cultivation is largely 
reclaimed lands (shinden) of Okayama Pre- 
fecture filled with straw and 
used for mattresses for bedding as 
The inability of 
the mats to withstand concentrated weights 
part for the characteristic Jack 
of furniture in Japanese homes 


decipi Ws 


confined to the 


The mats are 
may be 


well as for floor covering 
iccounts nm 


Igusa is an important cash crop on shinden 
lands. There is the extra advantage that it 
mav be grown as an off-season crop, ilthough 
its late maturity may reduce a subsequent 
harvest 10 to 40 percent 


December or January 


Planting is 
and harvest- 


rice 
done in 
ing in the middle 

Immediately aiter bundles of 
ire cleaned of weeds and shorter stems 


of July 
harvesting 
igusa 
ind dipped into pools of water to which has 
added a The 
forms a the 
stems and assists in even drying and pro- 
the light 
If ideal weather prevails, drving is 
reducing the 
Rain at drving 
a serious loss of the harvest 
Although igusa is a crop high de- 
for labor and fertilizer and with 
a speculative market, it can provide 
An- 


other rush species, Juncus communis, is some- 


been high-lime-content clay 


clay fine powdery coating on 


duction of most desirable green 


( olor 


completed in about two days, 


weight by about 70 percent 
time can mean 
with 
mands 
quite 
an extra income for Japanese farmers 


an inferior substitute for the 
(Curtis 
Jr., Economic Geography 34: 


times used as 
preferred J. effusus, var. decipiens. 
\. Manchester, 
--63. 1958.) (D.J.R.) 

Rattans. Rattans or long, 
slender, and flexible stems of certain scan- 
dent or trailing Indo-Malayan palms (Cala- 


canes are 
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tin-agar preparation tor treatment ol 
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Abstracts 


The 
evlindrical and of uniform di- 
200) teet 


Dae mono hops. Plectocon a) 


mus, 
stems, usually 
in length and 
from 1x, inch to as thick 

furni- 
ilpen- 
ind is 


Split 


mav exceed 
thickness 


irm 


imeter, 
vary in 
Canes are used for 


is a man’s 


ture frames, walking and polo sticks, 
umbrella handles, 


ind 


stocks, baskets 

suspension-bridge cables 
ind backs of chairs 
left ifter 
into strips 


ind 1 


ropes 
tor seats 
The “pith 
surface layer is cut 
furniture, 


cane is used 
ind 
moval of the 
ind utilized 
ground 
ind for 
ete. Canes are exported from Ma- 
M ilavan 
A cane 


lowest por- 


sofas over re- 


lor 


s1eves, 


tefuse is ind sold for stuffing and 


packing, making rough cordage, 
matting, 
lava, Indonesia, Burma, and India 
the 


for harvesting when the 


canes are considered to be best 
is ready 
tion of the stem is exposed by the loosening 
of the leaf The terminal 
of the stem are discarded, and the rest is cut 
into 16-foot lengths, bent, dried, and treated 
The outer silica layer is re- 
cane with a knife, a 
sharp piece ot bamboo, or on rough bark of 
The 


water, rubbed with sand, 


sheaths SIX leet 


In various Ways 
moved by rubbing the 


» tree cane may also be steeped in 

ind dried Aiter 
desilication the cane is bleached by fumes of 
the desired creamy 
The cane’s natural luster is then re- 


stored by polishing with a soapstone or with 


burning sulphur to get 
color 
a woolen rag on which 
hairs 


canes 


have been placed 
from leaf 
be smoked over 
and then rubbed with coconut oil to 
reddish-brown color. Finally, 
canes are sorted into different color and size 
tied into bundles of 100 each, and 
for market. (R. L. Badhwar, A. C 
and S. Ramaswami, Jndian Forester 
9216-223. 1957.) (JWT) 


some — siliceous bamboo 


sheaths. Some may 
. fire 
give them a 
classes, 
stored 
Dey, 


83(3): 


Rice Production in Afghanistan 


Rice, Afghanistan’s third most important crop, is pro- 
duced in every province. Although about thirteen varie- 
ties occur in the country, for marketing purposes two 
main classes are recognized. These two, “Loke” and 
“Mai-een”, are differentiated on the basis of grain size, 
color, consistency, and distribution. 


ARNOLD 


It is hard to visualize an Afghan meal 
without some rice dish, from simple boiled 
rice with mutton tail fat (rogon) to more 
elaborate dishes such as Qabeli, a com- 
bination of 
raisins. 
ing China, rice is a dietary mainstay. 

{ice 1s grown in every corner of Af- 


and 
Almost as much as in neighbor- 


rice, grated carrots, 


ghanistan, from the desert-like provinces 
of Kandahar and Farah in the south to 
the cold and snowy northern provinces 
tice is the third 


most important crop 
after wheat and corn (Zea mays). 278,- 


1 Director of 
University of 


Research and Horticulturist 
Wyoming Team in Afghanistan 


KROCHMAL ! 


881 tons were produced on 646,833 acres 
in 1953, the most recent date for pro- 
duction figures. The estimated yields in 
Table I indication of the 
widespread distribution of this crop in 
Afghanistan. 

Although most Afghan rice grows at 
lower and warmer elevations from 1,000 
to 3,000 feet, it has been reported (1) 
above 6,000 feet 

Farm yields are low in comparison 
with American yields. The average Af- 
ghan producer harvests 40 to 50 seer 
(seer=16 pounds) per jarib (0.5 acre) for 
a yield of 1,200 to 1,600 pounds per acre. 


give a rood 


TABLE I 


EstTiMATeD YIELDS OF RICE IN 


AFGHANISTAN * 


Yields in tons 


Province 
1331 (1952) 
Kabul 39,132 
Kandahar (and Girishk) 3,477 
Herat 11,519 
Mazar-i-Sharil 1.837 
Kataghan ny eee oe ate 95,319 
Eastern Province (Jalalabad) 85,512 
Southern Province (Junobe) 6,231 
Maimana 7,570 
Farah 1581 
Badakhshan 2.881 
Parvan 25.613 
Gh iznhe 25,324 


305.996 


* Note Fig l 


3-vear average 
1332 (1953) 1333 (1954) 

34,924 35.312 36,456 
2,529 2,212 2,736 
8.813 8,115 9 482 
1,894 1,912 1.881 

93,450 97,149 95,306 

70,092 69,557 75.053 
6,772 6,552 6,508 
7.350 8,122 7.680 
1,150 1,102 1,277 
2.807 3.211 2.966 

25,285 23,152 24.683 

26.515 28,427 26,755 

278.881 284.823 
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Fic. 2. Distribution of rice varieties in Afghanistan. See Table III 
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American rice is produced at the rate of 
about 2,200 to 2,800 pounds per acre. 
The difference lies in the use of fertilizers, 
machine harvesting, and selected varie- 


ties In American agricultural practise 


tice is usually part of a two-crop ro- 
tation. In Jalalabad Province it is grown 


on the same land as wheat; it is sown 
from April to June and harvested in 
September or October. After harvest is 
complete, winter wheat is sown in the 
fields. In northern Afghanistan 
rice is planted any time from May 5 to 
June 22 harvested from the last 
week of September to the last week of 
October 
wheat 


rice 


same 
and 


It is usually followed by winter 
In the western area around Herat 
is sown in rotation with clover. 


Afghanistan Varieties 
Although varieties 
produced in Afghanistan, 
recognizes two main classes, ‘““Loke”’ and 
“Mai-een”. A comparison of these is 
given in Table IT. 


many of rice are 


the market 


TABLI 


VaviLov's CLASSIFICATION OF 


Color of 
awn 


“Loke” (5-6 mm 
Var 
ar. 
"ar é 


uigarts Korn 
dichrae Batal 
yth as Korn 
‘ar. canthoceras Korn 
Tar. melanothriz Al 


Slightly reddish 
Slightly bluish 
Reddish-vellow 
Slightly bluish 
rarely blackish 
Bluish 
Whitish 
Whitish 
Reddish-vellow 
Blackish-red 


oce 


amaura Al 
ibra Korn 

italica Al 

pyrocarpa 


Al 


caucasica Batal 
7 mm 


Straw-colored 
mutica Vay 


wtata Vay 


brevea 


* Note numbered list which follows 


AFGHANISTAN Rict 


Length of 


BOTANY 


TABLI 


(CHARACTERISTICS OF 


II 
Ruict 


CLASSES 


‘Loke” “Mai-een 


5.0-5.5 mm 
Starchy 
Brown 
Wide 


7.0 mm, long 
Flinty 
White 


] imited io eastern 


long 


tan 


iv grown 


Afghani- 
stan from Laghman west 
to Kabul and Khanabad; 
rarely in Kandahar and 
Jalalabad 


Vavilov (2) has provided a botanical 
classification of rice varieties of Afghan- 
istan under the two market classes of 
“Loke” and “Mai-een” (Table IIT). 


Regional Distribution of Rice in 
Afghanistan 

Badakhshan - 
Bala Murghab 
Bamion 
Banu 
Charikar 
Farah 


Herat 
Jalalabad 
Kabul 
Kandahar 
Kataghan 
Khanabad 
Ill 

VARIETIES (2) 

Distribution 

numbers refer 


to regions 
in Fig. 2 *) 


grain 
(mm.) 


Re marks 


Awns of spikelets 
15-45 mm. long 

Spikelets without 
awns 

Awns of spikelets 
very short 
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Fia. 3 
lying 


Terraced 


in windrows 


rice field in the Laghman 


drying 
13. 
14 

15. 


16. 


Khunjan 
Kilat 
Kunana 
Kunduz 


Logar 
Subzwar 
Talakan 
Tirah 
Preparation for Marketing 
The preparation of rice for marketing 
is a village enterprise, but it should be 


noted that the term “village” as used in 
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\ illes Jalalab d 


Provines 


Afghanistan is different from that in the 


United 


lage 


In 
is a family unit of 
compound 


States Afghanistan a “vil- 


several walled 
are located close 
The of geographical 
proximity does not enter into a village 


as to each 


other question 
make-up. A neighbor’s compound may 
be only fifty feet away ; but if 
a different 


he is of 


family, he is in a different 


Fic. 5 
hulls. Water 
ilternately 


“nounders’ fit 


forced 


lowering the 


small 


d for 
i 


d kero 


into a narrow 


two long 


holes the fl 


in 


de-hulling by 


going 
} 


ger 


sere 


channel 


yor where 


lanterns 


xing 


the 


ough 


turns 


irms with thei 


the 


when 


a simple 


oven-dried rice 


green 


work 


rice 


tion shows a 


goes on at nignt 


with sand heated in large 


* “Xx 


wrt 


Spek 


a) 
we 
Ava 

a 


water-wheel and ge 


vertical pounding attachments 


1s placed 


{ common type of water-operated mill used in the eastern villages to remove 


il 


a et bs 


the 
mechanism 


The vertical 
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Thus, a number of families prepares 


may have adjacent compounds, but onlv 

those related to each other will constitute 

a village The work is done on 

munal basis. and the profits if 
a manner decided 


usual Va senior mel 


is cut 
sickles and stacked in windrows (f 
it has dried sufficiently, it 
stacks and then 


teams ol oxen or infrequently by don- 


ke Vs This is a rather inefficient met 


nod 
quantity ol tl grain Is iOst 
threshing 

yrains are removed for hard- 


ening. This may be done in different 


wavs in different villages A commo! 


method is to prepare warm sand in mud 
ovens (Fig. 4) and then to mix the 


with the rice grains. The heat |} grad. 1929 


Utilization Abstract 


Ceylon Oil of Citronella. About 35,000 


of citronella grass (Cyn hopo 

ire under cultivation in extreme is condensed 

ern Ceylon. The island produces cooled tubes. O nd 

990,000 pounds of citronella oil in the receiver 

This oil is perhaps the most important vol tained a bad itation 
ot Ceylon The direct steam type of ition ( 

distillation is most commonly used, and 


Oommon aduitera 
tills (probably coconut oil), 


ire usually located at the base of hills where mineral oils. Cuitronell 


sufhcient water is ilable Grass leaves 


ire cosmetic and soap perfumes, 
} 


t 
, each cutting ceutical preparations, for m¢ 
vielding about tons of leaves | 


iurvested every 3 or 4 months 


ntes, and as an insect repr 
s, after proper drving, introduced Sily Soap Perfumery & ¢ 
stills, and distillation « h charges 1160-1166 1957.) (IW 


The Durra Complex in the Central Highlands 


of Ethiopia 


The Eastern Galla of Ethiopia have developed advanced 
agricultural techniques of rotation, terracing and irriga- 
tion with Sorghum vulgare (durra) as the major field 
crop. Crops of secondary importance in the durra com- 
plex are corn (Zea mays), barley, peanuts, sesame, field- 
peas, beans, and fenugreek. 


CLARKI 


Introduction 


The majority of people in 


Ethiopia 


villages scattered 


small fan 


Ve In 1) 
throughout the Ethiopian Plateau and 
the Central Highlands (Fig. 1). In these 
temperate, moist uplands two grossly 
aitierent svstems of agriculture aré prac- 


ticed thre production of cereals With thre 
ise of the plow and the cultivation of 
Oot crops With the oe and related 1p- 
iements \ Stiehier is pointed out 
that these two planting systems in Ethi- 
opia are historically distinet and { 
each ¢ iracterizes one oOo the two vrea 
cultures O noriheaster! Africa thie 
Semitic and the Cushitie 
Divis e Soci Sev 0 | 

State College, Po nd 1, Orege 

-W. Stiehl “Studien zur | schafts 
und Siedlungsgeographie der Athi s rd 
kunde 2: 257-282, 1949, noted in Geogr. Re 
46: 271-2 1956. Stiehler held th he use « 
the plow and the planting of grains and othe 
seed crops is i iced in the central na 
northern parts of the Ethiopian Plate by 
Amhara and Tigre peoples) is the more recent 
planting system introduced by Semitic migrant 
Irom southern Arabia sometime before the firs 
millenium B.C. He considered that the use o 
the hoe in the cultivation of vegetatively re- 
produced plants especially the banana-like 
ensete, Ensete ¢ / is characteristic of the 
older Cushite ilture entered today in the 
irea of the Sidama tribes in the southern Ethi- 
opilan Plate iu and in a small area of the south- 
western section of the Central Highlands. Se« 


ilso Helmer Smeds, “The Ensete Planting Cul- 


ture of Eastern Sidamo Ethiopia’ Acta Geo- 
graphica 13(4 1-39, 1955 
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sROOK!I 


Agriculture Central Hig 


lands 


is carried on principally by tribes of th 
Eastern Galla. Late Cushites, who prac- 
tice plow cultivation and give prelerence 
O aurra gram sorghum ove! il orhet! 
crops. Although agriculture in the Cen 
tral Highlands has several unique fea- 
ures, Its outstanding characteristie is 
the dominant position of durra (So 
ghun ‘igare) in the eeonomy Grain 
sorghum is widely distributed in Ethi 
opia, but, with the exception of the Cen- 
tral Highlands, it Is &@ major crop solely 
in the lowlands Other cereals (esp 
clally barley and teff on the northern 
Ethiopian Plateau) are preferred in 
highiand, grain-cropping systems 

\ lara number ot products are grow! 
! the Central Highlands and involv 
several systems, 1.¢., field cropping, gar- 
dening, and tree and shrub cultivation 
(Table 1) Although all of the three 
systems are a part of the agriculture of 


nearly every rural village in the Central 
Highlands, field ol 
lIMmMportance thi 


crops by far are 


greatest Durra and 


othe field crops which are 


it 


interplanted 


with or are associated with the field 


rotation system ol durra culture com- 


prise the " 
Highlands 


The most densely populated areas in 


durra complex” of the Central 


the uplands of Ethiopia, for reasons of 
topography and climate, are above ap- 
proximately 5,500 feet 
Most agricultural 


elevation 
in the 


of 


settlements 


DURRA COMPLEX 


Central Highlands have relatively cool, 
very dry winters, and a 
Vaniation 


wet summers, 


small annual temperature 
They receive 32 to 55 inches of rain an- 
nually. In the altitudinal zone of these 
areas the mean maximum temperature 1s 


dish-brown 
distributed 
medium to strongly 


have 
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land formerly was much more extensive 
Friable, well-drained, reddish and 


red- 
loams are the most widely 
types. The 
acid in reaction and 


soil soils are 


a low content of organic material, 


from 72° to 80° F. and the mean mini- phosphorus, potash, and nitrate. Sheet 
mum is between 52° and 59° F. Villages erosion is severe on cultivated hillsides 
: 
’ 
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lower than about 5,500 feet have some- 


what higher temperatures and usually 
less than 32 inches precipitation during 
the year. 
Basalts, tuffs, 
truded granites are the most common 
rocks in the region. Most settlements 
present varied slope conditions, including 


and in some areas in- 


steep gradients as well as gently inclined 
areas. Although pre- 
the associations of native 


grasses 


surface 
dominate in 
vegetation, there is evidence that wood- 


The Major Crop—Durra 
Under the generic name “bishinga’”’ 
the Eastern Galla recognize many dif- 


ferent types of durra, Sorghum vulgare 
Not only does durra oecupy 
greater than other cultivated 
plants in the region, but, without doubt, 
its yield exceeds the combined total of 
Major factors in its 


(Fig. 2). 
acreage 


all other grains. 
popularity are its tolerance for a variety 
especially its 


of ecological conditions, 


ECONOMIC BOTANY 


Fic. 2. White “wagare” is one of the principal varieties of durra in the Ethiopian highlands 
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resistance to drought, and the relatively 


simple cropping techniques necessary fo1 
its cultivation 


The 


bye en 


preparation ot fields which have 


fallow for several vears involves 


breaking the turf with bored-stone dig- 


ging sticks * during the dry season of the 
month before the 


The cl 


and 


year, 8iX weeks to one 
9 


(Fig. 3) 
bring 


rains are du 


overturned to up 
grasses or other perennial weeds before 
Otherwise, to | 


] 
larmer plows fis 


the second plowing 
pare the seed bed the 
field 4 after 
nothing more 

First 
varieties 
fields 


re- 


the first rains in March, and 
is done until he 
the | 


a small part ol the 


Is re 


seed sown are onger-mat 


Ing on 


ol for his holdings are usually 


separated The principal variety Of sor- 


ghum for the area is sown during the 


of April in the villages above ap- 
5,800 feet 


during May in the lower areas 


month 
and 
A mut hy 
fast-maturing 

Th 


sown 


proximately elevation 


smaller area is seeded to 


durra as late as June or July 


seeds, carried in a voatskin, are 


d covered the same dav 


4) 


to 


broadcast an 
owing (Fig 

hillsides planted 
the Galla 
struct rudimentary, broad drainage ter- 


called 


a second 


On durra and 


other crops frequently con- 


races Which are “daga” hese 


vary in width, from twenty to thirty 


Tweet: the vertical distance between le Ve ls 
leet In the 
Highlands 


is small, only one or two 


middle section of the Central 


bench terraces have been constructed 


about six feet wide, rock 
Many 
are found on steep hillsides in the viecin- 
Harar, 


abandoned or planted to tree crops only 


which are wit! 


retaining walls of similar type 


ity of but most of them are 


Corn (Zea mays) is usually sown with 


> For 
tions ol 


tral 


und cultural implica- 
the of this implement in the Cen- 
Highlands see J. Desmond Clark The 
Use of the Bored Stone Abyssinia”, Man 44: 
32, 1944 
4A team of oxen can plow 


historical 


some 


ust 
in 


ibout one -h ilf to 


three-quarters of an acre pet day 
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TABLE I 


rIVATED PLANTS IN THE CENTRAI 


HIGHLANDS oF ETHIOPIA 


i complex of fie 


1 SO! 


ghul 


Banana 
Orange 
nmuaAva 
yomegi 
, 


( 
I 
( 
| 


durra, especially in fields near dwell 


Beans, 


fenugreek, and the other field crops dis- 


ings gourds, melons, peppers, 


cussed below are cultivated with durra 


n the rural settlements, including pea- 


nuts in the eastern section of the Central 


Highlands as shown in Fig. 5 


mm) 
| 
Phi 


corn, if intermixed) to a spacing 


farmer will thin his durra (and 


lor in- 
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dividual plants of about one and one- 
half feet by two feet on the most fertile 
soils In 


spaced farther apart. 


places the plants are 
Plants which fail 


othe! 


to flower and others which are uprooted 
in thinning are taken to the edge of the 
field or to the house to be used for eattl 
feed. 


In each village the general practice is 


Before “new” or 


“bush-fallowed” land or pasture is plowed, the 


BOTANY 


let 
the field lhe fallow for two or three years 


than sorghum. Eventually he will 
and then plant peas or another legume 
It was reported that 


then be 


for one harvest 


durra and may sown on 


this ‘new land” the following year and 


corn 


will give “good” yields for several years 
without application of compost 
This, in the land 


brief, is rotation 


broke n 


turf is first 


and turned by groups of men using the bored-stone digging sticks 


to plant durra in the same field year 
year until the soil is eXx- 
hausted of fertility. Compost is scat- 
tered the field after the 
and is sometimes plowed under, but it 
often is left undisturbed on the surface 
until the first plowing. This 
will give increased yields for 
years, but eventually, when application 
of compost is no longer effective, the 
farmer will reluctantly sow crops other 


after almost 


about harvest 


practice 
several 


“system” of the Eastern Galla, in which 
principally 
an indeterminate number 
finally allowed to lie fallow, 


the land is cleared, planted 
to durra 
of years, 
and eventually, to revert to pasture and 
then is recleared for durra production 
The period of the cycle of 
rotations varies greatly from place to 


for 


once again. 


place, in accordance with differing con- 
ditions of the rate of soil loss and deple- 
tion, the rate of soil rejuvenation, popu- 


DURRA COMPLEX 
lation pressure, ete For the dens ly 
populated Harar region the complete 


evcle averages probably from tWwe lve to 
fifteen years 

In December or January the durra is 
cut by hand sickle several inches above 
the and the stalks 
their placed on the 


ground, long with 


head ol 
After two days the heads 


grain are 


ground are 


Fic. 4 
in the left 


robably originated in southern 


photograph by the man on the 


Ar ibia 


of which p 


easily cut from the stalks and placed in 
piles in the field. Large heavy 
heads are separated to be used for seed. 


neat 


Men working cooperatively in groups do 
tasks.” However, the 
women gather the heads and stack them 
a bed of sorghum stalk in the field. 


most harvesting 


on 


* Various harvesting techniques in the Cen- 
tral Highlands are summarized in M. Nastureci 
“La raccolta degli cereali al Harar”’, L’Agricol- 
tura Coloniale 6: 370-374, 1939 


During the second plowing of the vear 
Yoked oxen pull the 
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The heads of grain remain there lor 
about a week to allow further drying and 
then are earnied by the women, or by 
donkey, to the place Ol threshing A 


level space of ground near the field will 


serve all of the farmers of the village 
lor this purpose 

The space whic! 1orms rectangulat 
area of about two o1 hres undred 


(usually in April) durra is sown broadcast as 


Ethiopian plow, the prototype 


square feet is wetted, pounded to make 
it compact, allowed to dry, and then 
fresh cattle 


covered with a layer of ma- 


nure, which dries to a smooth, hard sur- 


face. Around the margin of the thrash- 
ing floor each family has stacked its 
sorghum. All men of the village work 


cooperatively at this task, and, divided 
into two or three groups, they beat the 
heads of grain with the long threshing 


stick. When one lot has been threshed, 
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It Is pushed to the 


side where man 
gently sweeps the surface of the material, 
picks out and 


then winnows 


one 


diseards the 

the 

a shallow basket 
The stubble 


stuff, 
first 


coarser 
remainder 
and then 

left 


using 
paddk 
field, 


in the plowed 


r— 


ECONOMIC 


BOTANY 


new sorghum crop. This practice 
problems for soil management 
of stubble is a the 
ol 
the region 
Data of 


poses 
Removal 


lactor 1n low content 


humus and in the erosion of soils in 


crop yields are difficult to ob- 
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© THATCHED HOUSE 


pol, 


.— 


We 


te As 


Bhert grease 


%, foitew 


a. 


peensts 
durre 


Pures fometons 


small settlement } 
Central 
Highlands (average prec 


precipit 
Howe durra interplanted 
acre Slope the 


the 


Highlands of 
ol he ition about 
grown with pe 
greatest western part 
to eight or nine degrees in northeast 


under during thi ration of 
bed next planting, 
collected and removed from the 
the house for 
of the young sorghum. If stubble is left 
in the field late April or early 
May, the old roots will serve 


places for termites which will attack the 


prepa 


seed 


the and 


101 
field to 


fuel during the cultivation 


beyond 
as breeding 


yopul 


30-32 
inuts 


the se 


ition in elevation of about 5.500 feet in 


owe! 
of 
plants oc¢ upies by 


Ethiopia. Even in this sub-humid art 
¢ 


inches annually) 
ind other 


ttlement is 


i great Variety crops 18 


the 


ising 


orm lar 


one 


two degrees 


or 


incre 


tain in vas of subsistence agriculture 
census and field 
the writer in 
Central High- 
estimated vik lds for durra cul- 
ed in these 
The villages ranged in eleva- 


50 to 6.720 feet 


From an agricultural 


rit taken 
rural villages 
lands the 


‘asurements 
three 


by 


ot the 


tivat several settlements were 


acquired 


tion from 5,2 above sea 


DURRA 
level, and, not surprisingly, the data sug- 
gest a correlation between vield and ele- 
Vation-precipitation values The ealeu- 
that the 
vield in durra in the wetter parts of the 


lations indicate annual average 
Highlands (say above 5.800 feet eleva- 
In the 
lower and drier settlements the yield for 


tion) is 18 to 25 bushels per acre 
an “average vear Is considerably less, 
from 6 to 12 bushels per aere. It is esti- 


mated that 200 pounds of straw are re- 
covered tor each 100 pounds ot grain 
Usually the best grade of grain for 
each variety of durra is separated for 
excavated in the 
near the The capacity ol the 


pits varies from 4,000 pounds to 15,000 


vards 


storage In pits 


NOuUses 
pounds of grain. The remainder of the 
grain is stored in fiber or manured bas- 
kets within the house 

Although 
hardy plant and seemingly free of many 
of the diseases which afflict 


grain sorghum is a very 
other culti- 


vated grasses, both severe drought and 
exceedingly heavy rains will damage thi 
a serious problem in 


crop Insects are 


all settlements, attacking both the grow- 
ing plants and the stored grain. Various 
larvae may bore the stalk or destroy the 
leaves of young plants. Every three or 
the worm 
May 
The 
usually pass through 


the Central Highlands after the 


lour yvears legions ol army 


(Laphyqma exempta) appear in 


and June, causing grave damage 


migratory locust 
harvest, 
but infrequently they arrive early and 
may destroy the growing plants 

The fuel 
cattle 


are used fot and for 


Most 


leaves of the plants before cutting and 


stalks 


feed larmers strip the 


large bundles which are 
feed. 
Galla 


struction 


tie them in 


stored for Long stalks are used 


in all settlements for roof con- 


and to build small structures 


such as pens and temporary. shelters 


Parts of the stalk and leaves uneaten by 
the livestock during the night are col- 


lected each morning (with the droppings 
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of animals kept in the house) and pl iced 
on the compost pile 

Nearly all of the grain is stored to be 
food, 
form of flat bread, 
The bread is 
and is usually made 


used by the family as the basic 


principally in the 
thick soups, and porridg 
called “buddena” 


from grain sorghum by the Eastern 


CGalla To a 


and barley (mixed with durra) 


lesser extent, maize, 
ilso 
used for this food 
telatively little of the 
the Eastern Galla preferring to keep any 


erain is sold 
surplus in the pits as insurance for par- 
tial failure. The 


by Arab merchants, 


crop grain is bought 


some of whom travel 
to the rural villages to buy , others stay 
in the nearest market center and pay a 
small premium when the grain is brought 
business. There is 


to their place ol 


great variation Of price trom place to 
place in the ¢ ‘entral Highlands and from 
month to month throughout the veal 
Grain is sold by the 
220.46 pounds 


during the harvest 


metric quinta 

A quintal of durra grain 
sells for about E$7.50 
$0.70 per bushel) 
ground. One mont] 
E£$10.00 (U.S 


and 
Better prices ar 


(approximately U. 8. 
at the 
later the price 1s 
$4.00), and during 
K$15.00 per quintal 
offered 
of Dire 
some of their crop transport the grain by 


threshing 
about 


June July, 


by merchants at the rail center 


Dawa, and farmers who sell 
The farmers sell 
best 


donkey to this town 


“challa”, the 


of the sorghum varieties 


only the grade grain 
Secondary Crops 
Corn 


sorghum is 


(Zea mays), intermixed with 
the 
portant crop in the durra complex 


grain second-most im- 
Two 
varieties were noted in the settlements: 
minjar, a flint which matures about five 
months after germinating and is sown in 
both fields and 


sweet corn, or possibly, a cross-fertiliza- 


gardens, and bukuri, a 


tion of sweet and flour, also planted as a 


field and varden crop. If planted as a 
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field crop, minjar is sown with grain sor- 


Bukuri, which 
is planted In 
early June in the gardens or in late May 
with of 


ghum in April and May. 
ripens in about 120 days, 


ll sown last-maturing vaneties 
durra 
In field 


grain sorghum; but because 


culture corn is sown with 


durra is the 
preferred crop, it outnumbers corn by a 


+ + 


seven or elgnt Oo one, 1.€., 1 


hiteen pounds of mixed sorghum and 


corn seed are sown to one acre, somewhat 
less than two pounds of this quantity of 


seed will be corn Thus, since it occupies 


one-seventh or less of he cultivated 


e.% | 
heiad, the 


} 


about 


average yield is low, probably 
> to 4 


year, 


bushels per acre For a 


F00d corn without other crops ln- 


snould 


terplanted 15 to 25 bushels 


per 


arought 


13 
yield 


acre Corn more sensitive to 


and 


wettel 


sorghum, Its 


vield is g , 1 the higher, 
settlements 
s. But 


cool 


vil- 
7.000 


retard 


lowe gf driei 


above approximately 


hay 


feet (below 55° F.) 


the maturing t] lant 


, and corn yield 


as well as the acreage planted rapidly 


decrease above this elevation 


Although it is widely and irregularly 


spaced as a field crop, in gardens corn 


OTOWS al clos inte rvals. about two tTeet 


by two feet spacing (jardens are culti- 


vated and fertilized with compost more 


often than field crops After three to 


six harvests of corn and grain sorghum, 


fields are rotated to one crop of barley 


or to some other small grain; but gvar- 


in- 
ter-planted with corn and various vege- 


dens, fertilized more frequently, are 


tables year after year for an indefinite 


pe riod ol time 
Corn than 
jlrom 


matures more quickly 


erain sorghum and is harvested 


two to three months before durra, i.e 
during late August and early September 
at elevations to approximately 5,600 feet 
and from late September through No- 
vember in higher settlements. The stalks 


of the ripened plants are cut a few inches 
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above the base and placed to dry in 


conical stacks for eight to twelve weeks 
until the 
threshed in the 


durra is harvested. Corn is 


same manner as gram 
retained 


unshucked 


sorghum Large 


and 


cars are ior 


seed are stored next to 


the roof mside the house 


Fresh « Th 


soup, and por- 


roasted 


bre 


ars “are vrain 1s 


prepared to make id 
ridge, 


ferred 


although sorghum is 
Calla 


Corn is softened by 


pre- 


by the Eastern these 


lor 


foods storing 1n a 


container of water overnight before it is 
pounded in the mortar to remove the 
husks and ground to flour with t! 


Like 


eaten as i 


e hand 
some corn 1s parched 
Parts of the 
ed to stock 
However. 
dried 
fuel 


mill durra 


to be snack 


plant not used for food ar 


oO! thrown on the compost pit 


a farmer will commonly = stack 


his 
1} 


stalks nea! SOUTCE 


Barley (Hordeum distichon, H 


highland crop at ¢ 


HOUSC AS a ol 


} 


Is an lnportant 
tions above approximately 7.000 feet in 
Hig! Ikethi- 
Plateau oc- 
relatively in the 


fields of 


the Central inds and on the 


oplan but at lower are: 


cupiles shail ACTeCALE 


} re 2 ] . fj 1] 
aurra compirex, chieny small 


crop rotation and in plots planted late 


| ] ] 
In ?@ season alter a partial tailure ol 


sorghum 
(H 


section 


Six-rowed barley 
In 


vulgare) is com- 
of the High- 
high areas of Ethiopia 
\ two-rowed variety (H. distichon) with 
white seeds and two types ol four-rowed 
barley, which are probably of the “Abys- 
sinlan intermediate” 


mon the eastern 


lands and othe 


variety, are eXx- 
tensively grown in the middle and east- 
ern sections of the Central Highlands ® 
Barley may be planted from June to 
early August. As a rotation crop, it is 
usually sown in June and harvested four 
months later in October, a full month or 
two before the 


durra harvest 


Two harvests per year are not unusual in 


major 


®R. Ciferri has classified Ethiopian barleys 
in Nuovo Giornale Botanica Italiana 47: 424 
135, 1940 
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some parts of Ethiopia where moisture 
and but 
only one planting per year is made by 
the cultivators in most of the settlements 


soil conditions are favorable, 


Almost without exception other crops 
are not planted with barley. Farmers 
reported that sometimes barley might be 
planted amidst a young tree crop such 
as khat but that even this practice Was 
rare 
a field to 
be sown to barley before the first plow- 


Compost is distributed ove 


ing, when the seed is cast by hand and 
The 
no other care except occasional weedings 

Except in the 
is never replanted in the same 


covered by furrows crop is given 


highest villages barley 
field the 
vear following its harvest It is the 
usual practice that grain sorghum follow 
cultivation of barley, for durra and corn 
The 
reported 


the two 


have preference as food crops 


farmers of lower settlements 


that barley is useful only when 


to produce, 1.¢., 1n 


coarst grains taal | 


soll fertility has 


fields where reached a 


very low level or when voung sorghum 


has been seriously damaged by weather 
or insects and barley 1s plantes 
because 


emergency crop 


maturing characte) 


Ripe barle Vis cut to give a long stem 
tied 


night in 


into sheaves which are stacked up- 
its field on a bed of 
grain sorghum stalk 


grass or 
A temporary wall 
of durra stalks is constructed around the 
stack, and the leaves of grain sorghum 
the the 
weather and vermin. It is 
allowed to dry for about a month, and 
then the threshing 
Oxen or donkeys are driven 
around the barley to loosen the grain by 


and corn cover top to protect 


grain trom 
women carry it to 
ground 


trampling Unloosened seeds are stripped 
by hand, and the barley 
placed in burlap sacks, 
donkey to the house 
Informants in the reported 
vields equivalent to approximately 40 to 
50 bushels per acre. 


winnowed, 
and carried by 


villages 


These figures ap- 
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peal to be too high. but there Was no 


means to verify this information 
Peanuts ( Arachis hypogea) are a ma- 


jor cash crop in the durra complex ol 
the peoples east and south of the city of 
Harar at elevations between five and six 
thousand feet. The map (Fig. 5) 
the distribution ol crops fo! 


settlement within the region 


Snows 
i typical 
Almost all 
peanuts are sold to merchants for proc- 
essing to oil which is both exported and 
used locally lor cooking The one 
ety bears medium-sized pods and 
“runner” type, 1e., with 


stems more 


less procumbent \ food deal 


area mn which peanuts are grown 


red, sandy, or sandy-loam soils for 


thre plant Is We 1] suited 
Peanuts 
but occasionally 


{ 
} 
} 


March if that month is unusually rainy 


] 


The crop Is not readv to he } | 


Nove mber s 


unusually long 


irvestec 
until late months alt 
planting, an 
peanuts grown 1n the tropics 
It is customary to plant pe 
grain sorghum and corn, but 


peanuts must not be und 


For 


and maize 


this reason clusters of 
are thinned by 
some of the shoots in order 
may be widely spaced 
The cultivation of the 


peanut-durra- 


corn association is more laborious than 


that of only the two coarse grains. Thi 
three interplanted crops require many 
hours of work with the he avy hoe, thin- 
ning and transplanting the cereals and 
spreading fresh earth over the exposed 
stems of peanut plants 

It is the practice of the Galla to seed 
any one field with peanuts (and durra) 
for two years, followed by an equal pe- 
riod of time in which only grain sorghum 
and maize are planted It was reported 
that if peanuts are planted vear altel 
vear without interruption the yield de- 
clines seriously by the fourth vear. 

The average yield is probably between 
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five hundred and six hundred pounds of 
The Galla 
all of their harvest, 
retaining only a small quantity for seed 
thie 


peanuts per acre KMastern 


usually sell almost 


Occasionally peanuts are roasted, 


shells removed, and the nuts pounded in 


the mortar to a_ paste, which, wit 


and salt, is 


Or, ot 


chopped onions, pre ppt rs, 


into a thick soup course, 


1 


may Ie eaten 


made 


peanuts trom. the 


roasting 


aite! 


Phroughout thie vear all peoples 


the Central ighlands buy peanut 


The 


tive 


1.} ] . 
other vegetable oOlls Ior cooking 


dried stems al fed to cattle after 


harvest, but the pressed cakes have no 


market for feed or other 


Sesame 


, 
other oleaginous cas! 


purposes 
ndicum) Is an- 
Kast- 


\lost ol the seed Is probably 


(Sesaqnun 
crop of the 
ern Galla 
sold to the operators Ol small presses, but 
part ol the production ol dry seed is ex- 
ported from Ethiopia to foreign markets 
Sesame is planted in the same region as 


thre Lo need less 


appears 


peanut It 
; 


moisture than the peanut, however 


Phe 


and cultivation of sesame is 


varation for seed bed, planting, 


the same as 


for the cereals However, sesame is 


usually not sown or interplanted with 


other crops, but it is infrequently sown 


with grain sorghum, in which case the sor- 


ghum spacing must be even greater than 


when durra and peanuts are interplante d 
A field is planted to sesame usually only 


for one or two harvests; grain sorghum 


and corn follow for at least two more 


vears. It is sown in June and is ready 


for cutting by mid-December. 


hand 


being 


The plants are cut with the 


sickle when not quite ripe, care 


taken not to invert the capsules so that 


will be lost Several strips of 


l 


the 


no seed 
cut- 
field 


The bundles of plants need only 


tied around bundles of 
in the 


bark are 
tings which will stand erect 
to dry 
be inverted to vik ld most of their small 
which are stored In manured bar- 


seeds 


rels within the house 
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The plant appears to be hardy, dis- 


ease resistant, and does not attract ani- 
mal or insect predators 

Very little sesame Is eaten, although lt 
can be roasted and prepared in foods in 
Nearly all 
its oil 


mares 


a manner similar to linseed 
is sold to merchants for content 
Arab merchants who buy quanti- 


ties of oil seeds travel about the country 


making their purchase s from the farmers 

tha $30.00 
(U. S. $12.00) per quintal for the 
It is that 
about 350 pounds per acre 


Buyers pay at rate of about 
seed 
estimated average yit ld is 
like chick- 
the Central 
In many tropical highland 
interplanted with 
Kastern Galla 

The cultivators 
Villages stated that they 


Field-pea (Pisum arvense), 


pea, is a minor legume in 
Highlands 
field-peas are 


but the 


“ureas 


other crops, do 
not follow this practice 
consider 


the first 


In th 


fhe ld-peas the best crop to sow 


vear on “new” land cleared for durra 


planted 
Octobe r 


Peas “ure 


harvested in lat 


and corn production 
in July and 


Two variewies, “white” and “black”, are 
cultivated 
is sold, and the dark seeds art 
food by the 
The 
plant by hand before the pods are fully 
ripened, stacked in the field, 
with grass, and allowed to dry for three 


The type with whitish seeds 
used for 
cultivator and his family 
seed stalks are separated from the 


covered 


or tour weeks before separation by 


trampling with livestock. Winnowed, 
clean seed is stored in manured baskets 
the and the stalk and 
fed to cattle. The light-col- 
ored seeds are sold in the market centers 
at prices which range from E$10 to 
$20 (U.S. $4-$8) per quintal 
Fenugreek (7'rigonella 
legume somewhat 


The seeds, W hich 


within house, 


leaves are 


foenum-qrae- 


cum) is a similar in 


appearance to peas 


have a pungent odor, are prepared as 


broth which is fed to babies, young chil- 
dren, and to ailing cattle as a tonie 
Fenugreek is sometimes planted in gar- 


den plots but more commonly is grown 
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at the border of a durra and corn field 
Sowing takes place in July, and by No- 
vember the crop is ready for harvest 
The plants tied 
small bundles which stand drying in the 
field for 


collected and placed In One 


are uprooted and Ih 


at least a week They are then 
large grass- 
covered stack until January, when other 
crops, well as lenugre¢ k, are threshed 
Th 


light blows with small beating sticks and 


“4s 


e seeds ure loosened from the pods by 


manured basket 
sold. Most 


to be used in food preparation, 


are stored in a small 


Very 


retained 


little fenugreek Is 


ls 


or, more likely, as a medication or tonic 


is 
Beans (Phaseolus spp.) are the major 
the durra complex 


leguminous in 


common to all of the Highland rural vil- 


crop 
lages. Their importance lies not only in 
the fact 
uted throughout the Central Highlands, 


low 


that beans are w idely distrib- 


but also to the early maturity and 


moisture requirements of the plant, 


which make it a dependable catch-crop 


when staple grains fail. In most areas 
taken between April 


Furthermore, the high 


two harvests are 


and December 
protein content (24 percent) of beans is 
important to the diet of the people 

Varieties beans are found 


Several ol 


in each settlement. A type with white 
seeds brings the best price trom the mer- 
chants, and in many settlements almost 
the entire production of white is sold for 
about E$15 (U.S. $6) per quintal. 


Ne a 


with d 


rly always beans are interplanted 
urra and corn, and the preparation 
the seed bed for the 
Bean seeds, interplanted with 


of is the same as 
grains. 
durra and 
April. By mid-July the pods ripen, and 
whole plants are uprooted and carried to 
the edge of the field where a threshing 
The white seeds 


corn, are sown broadcast in 


floor has been prepared. 


and stored separately 


from the others, for it is the practice to 


are separated 
sell-this variety soon after its harvest 
Immediately after the recovery of the 
crop sown in April the area previously 
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planted to beans is reseeded iin 


The 


ing corn and sorghum and covered with 


Once ag 
seeds are scattered amidst the crow - 


fresh earth. The second crop of beans is 


harvested shortly before the durra 


hide 


tures, usually in late November 


Summary 


The agriculture of 
tral 
he | 
region represent a great transiormation 


Un- 


flourishing 
Highlands 


larm 


obscures thie 


veaceful communities in the 


in the economie life of the people 


til 150 to 200 years ago nearly all 


i © 


Oo! 


Eastern Galla were imels, 


cattle, 


pastora 


sheep, and goats supplied the 


needs of the then much smallet popul i- 
tion. Animal husbandry is still 
in the 


now subordinate to crop culture, 


portant element economy 

LO! lie 
population of the Eastern Galla today 
(1,500,000 est.) lar 


be supported 


Is greater than that 


which could by animal 
products 

An Interesting aspect ol agricul 
the Central Highlands is its relatively 


The use of the 


ture in 


advanced techniques 
plow ' production and application ol com- 
post, knowledge ol crop rotation, terrac- 
irrigation * features which 


ing, and are 


are not widely found among cultivating 
peoples in Africa south of tl 


Much of this knowled 


le Sahara 


e—including the 


cultivation of tree and shrub crops (es- 


pecially coffee and khat) to a de; 
importance unknown elsewhere in 
opla—was probably disseminated from 
the farming area around the old Moslem 
city of Harar, whic} 


has been one of the great commercia 


1 lor many centuries 
land 
; , 

religious centers of northeastern Africa 


The townspeople, called Harari, today 


Hig! 


few places 


7 Irrigation in the Central lands is lim- 


ited to the 


ind 


relatively where t 


opo- 


graphic drainage conditions permit the 


trenches which sev- 
the 


stream to land planted to tree or shrub crops 


construction of channels or 


eral times a vear carry water from main 


Field crops are rarely irrigated 
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number about 10,000, speak their own 


unique Semitic language, and use farm- 


ing techniques similar to those of 


very 
the Eastern Galla. Although the origin 
of the Harari is obscure, their system of 
features common 
Arabia, a 


which has maintained close religious and 


Harar 


agriculture has many 


to that in southern region 


commercial ties with for nearly 
1000 vears 

Like 
Africa, 


measures 


most other agricultural areas of 


more effective erosion-control 


are badly needed in the durra- 


complex planting culture. Interplanting 


afiords & small measure ol 


protection, 


but cultivated land on slopes should be 
the 


field 


spre: 


rndaged on he contours loo otten 


seed bed 101 
Rathe1 


Ove! thr 


rye 


} paration Of the 


crops 1s than 


cursory 


fertilizing material 


farmer tends to retan compost Lor 


periods Of time in orde! that others m: 


be impressed with the evidence of his 


number of livestock. Reduction in 


number of livestock maintained in 


al Highlands would serve not 


arrest the erosion oO grazing 


areas but would afford the return to the 


crop residues which are used tor 


Strip cropping and strip mulching 
techniques also would be of value in the 


region. Many diseases common to durra 


and other cereals, could be controlled 


by treatment with seed disinfectants 
Use ol 


insecticides for infestations of 


the stem borer and the worm 


army 
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would give significant increase in 
vields 

ble 
the marketing 


controlled 


Even in areas with the most favor: 
conditions for agriculture, 
exclusively 


system almost 


by Arab merchants—is a 
the 
Prices paid the 
too often are unrealistically low in terms 
the 


major factor in 


low level of production for cash 


farmer for his produce 


of a fair return to cultivator and 


tend to inhibit his desire to produce be- 
vond the subsistence level 
Neverthe less 
trade is of growing 
Highlands 


by 


there is evidence 


lmMportance mn 


Central Kspeciall In areas 


served motor roads there is a pre- 


vailing tendency for increased produc- 


tion of cash crops. Every farmer is 


obliged SOrne ol his produce In 


order to pay his taxes and to buy neces- 


staples such As alt. cooking oil, 


cotton cloth Today Increasing 


numbers of farm families u such 


things as German-made oil lanterns, 


Shell kerosene and e¢| ap Italian per- 
umes 


Ne W oO?! 


omy are not to hye expected 


radical changes In the econ- 
The durra 
complex will continue to be dominant 
But a 


agricultural production is sure to follow 


ereater measure of commercial 


the gradual expansion of transportation 
the Central Highlands, 


which probably in time will bring the 


facilities within 


region into close r association with do- 


mestic and foreign markets 


BOOK 


Wil- 
Chandler. 535 pages. Lea and 
$8.50 


Evergreen Orchards. Second Edition 
lam H 
Febiger 

Wiliam H 


ifter eight 


Orchards” by 
revised 


“Evergreen 
Chandler has 
vears ol 


now bee n 


usefulness The major changes 


comprise a reorganization into separate sec- 
and monocotyledo- 


ind a new chapter devoted To 


tions on dicotvledonous 


nous crops 
the pineapple It strange 
pineapple orchard, but 
it is most helpful to have this comprehensive 


seems to have a 


planting termed an 


information on pineapple culture thus made 
The chapter has 
include the passion fruit 


been 
The 
ch ipter on Tea, Coffee, and Cacao, which in- 
cluded a 
been renamed Stimulant Crops 
ind voea (the latter hardly 
cultivated 
have been added to this chapter 


wailable 
extended to 


papava 


brief discussion of the colanut has 


Short seCc- 
tions on guarana 
qualifving as a crop invwhere) 
Consider- 
able shifting about of material has been done 
in the first three chapters; and some useful 


discussion has been entirely eliminated in 
the interest of space, lor the revised edition 
Is some SO pages longer even so 

Nore 
ments, not all of which seem to be improve 
ix the real revision of the information 
presented. In 


pressive 


important than these rearrange 
ments, 
every chapter there is im- 


evidence of the thoroughness with 


which the author has combed the horticul 
tural literature and incorporated the findings 
ot the 
Chandler has always been primarily an ap- 
had first hand ex- 
perience with most of the crops discussed in 
this book, 
to acquaint himself with some of them, e.g., 
his visits to Trinidad for cacao and to Ha- 
wail for pineapple and passion fruit studs 


past decade into the discussions 


ple man and has scant 


ilthough he has travelled widely 


lifetime devoted to deciduous 
him a 
which to survey the culture of the evergreen 
fruits; and the horticultural problems are 
different that a really 


pomologist such as Chandler cannot 


Howeve r, a 


fruits has given perspective trom 


not so competent 


inalyze 
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nutrition, climate, 
fruit handling 
hook ire the 
research re- 


lucidly the factors ol 
fruiting, and 
features of the 


toget her ot 


propagation, 
The strongest 


bringing ivailable 


ports on all these crops and the mature 


judgment exercised in assessing the poten- 
tialities of some of them 

This Is A book 
field There are 
on citrus culture 
from the 
covering a few of the 
othe r book in recent vears covers the 
field of tropical 
ind not even any older one covers it so well 
Withal, it could be better. There are many 


typographical errors, often carried over un- 


rival in its 
hooks 


bulle- 


without any 
two extensive 
excellent 


experiment sta- 


more 
ilone ind 
tins iwricultural 
tions crops; but no 
whole 
fruit 


commercial growing, 


changed from the first edition, and there are 
Tact 
very minor importance. It is 
that the book has never had the 
competent editor to smooth out some of the 


many errors of ilthough they are of 


ilso evident 


service Of a 


rough grammatical constructions 
It is to be that Dr Chandler 
has not seen fit to employ hyphens in names 


regretted 
involving apple, cherry, plum, ete., when the 
fruits are not at all related to 
older species He 
“white sapote” is not related to 
the obvious 


those well 
that the 


the s ipote, 


known notes 


remedy 
Much 


contusion would be ivoided il this were done 


put he does not 


ipply 
of writing the name “white-sapote” 


in this ease and in Surinam-cherry, 


sugar- 
ipple, governor-plum, ete It has come to 


be the usual practice to write sweetpotato 
instead of sweet potato, and it is to be hoped 
that horticulturists will 
this practice urged nearly 35 vears ago in 
Standardized Plant Names 

It is encouraging to see an 


mologist 


idopt more W idely 


eminent po- 


giving more attention to the long 


years of citrus study by Tanaka, although 
hard to understand 
Tanaka” in 


guished 


it is whv he is alwavs 


the text while his distin- 


+9 


opponent is simply “Swingle” as 


other scientists are also. The only criticism 


to be made of the reference to Tanaka’s work 
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on ssification is that the author missed 
fine opportunity to make use of. thesé 
studies in dealing with the mandarin group 
nd with the ¢ ilamondit In both of thes 
Panak has given sound reasons for con 
sideration of taxonomic treatment differing 
sharply from that followed by Swingl 
These faults are very small in comparison 
with the many excellent qualities of this 
vork, and the reviewer is verv glad to have 
such an up-to-date revision of such a com 
rehensive and ithoritative book to aid his 
{ Ching 


H. Ss. Wort 


Cotton. H. B. Brown and J. O. War Third 


Edition x + 566 pages McGraw Hill 

1958. $12.00 

\ wealth of information pertaining to many 
phases of one of the world’s largest agricul- 
tural industries may be found in this volume 
While manv of the desirable features of the 
second edition have been retained, the book 
has been brought up to date through diseus- 


recent developments in cotton. re 


ind 


search technology Although some of 
the topies m be of interest primarily to 
those cdireetly issociated with the cotton mn 


dustry, many of the topics should be helpful 


to those engaged in related pursuits 


The volume opens with a chapter on the 


history nd scope of cotton and the cotton 
industry on world-wide basis with special 
ittention to the development of the industry 
in the United States. Manv of the earliest 
records of cotton are cited 


chapters ae 


interest to those 


Six 
profound 


with topies that 


engage d in cotton 


variety improvement and maintenance work 
his rather comprehensive treatment of cot 
ton breeding and related topies reflects the 
primary interest of the authors who have de 
voted the major portion of their lives to cot 
ton improvement work fecent advances in 
the taxonomy, genetics, and breeding of cot 
ton are reviewed. For example, a modern 


system of classification which is based on ev- 
tologis genetic, geographical, and archeo 
logical evidence is discussed in the chapter 
on taxonomy Investigations relative to the 


inheritance of complex characters and other 


genet problems ire reviewed in the chapter 
on vaniation, heredity, and correlation Cur 
rent breeding techniques ind the practical 
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spects Of vanetyv maintenanes nd distribu 

ion are treated in separate chapters 
lopies directly related to cotton produe 


tion and cotton production problems are 
treated in eight chapters These chapters 


present discussions of cotton diseases and in 
sects and their control pl Vs1lolog ot the cot 


on plant, climate 


United States and some foreign countries, 
soil fertility and fertilizers, field eulture. and 
harvesting. Recent research informatior per 
taining to these topics is reviewed in each 


chapter. Even though much inter 


search effort have been directe i to the 


| prob 
lem, the control of weeds with chemieals in 
cotton is treated rather lightly 

( hapters on subjects relating » cotton 
ginning, marketing, and manufacturing are 
Ol particular interest to anvone associated 


with these phases of the 


rather complex marketing system, including 
the various tvpes of markets, is discussed in 
detail \ chapter on cotton ginning traces 
the harvested seed cotton trom a eld 
through the various processing steps to the 


baled fiber The fiber is then traced from 
ginned bales through the various manufas 
turing stages to the finished fabri The 


processing and marketing of cotton seed are 


discussed under a separate he 


| heading. Numer- 

ous diagrams, figures, and tables are utilized 
to supplement the discussion 

The last two chapters treat subjects that 

ire more of general interest. In one chapter 


commercial status of cotton is considered 
Here are presented some effects on the do- 
mestic industry of competition from foreign 
cotton and synthetic fibers In the last 
chapter the authors present numerous tables 
of statistics that were compiled from differ- 
ent sources. These statisties deal primarily 
with the production, consumption, and prices 
of cotton in the United States and foreign 
countries Statistics pertaining to competi- 


tive fibers ire 
Although the 


ilso given 


greate!r ~Ortion of the book 
- I 


pertains to the cotton industry in the United 
States, much information on the cotton in- 
dustry in foreign countries is included. In 
compiling the information use was made pri- 


marily of published literature; however, sev- 


eral references 


\s 


to unpublished information 


ire cited whole, the text is well illus- 
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figures and ind many 
included Although it 


entirely 


trated by diagrams 


important tables are 


is doubtful that evervone will be 


satisfied with the sequence and organization 


of the material, sufficient cross references are 
given to enable one to follow a given subject 
in its entirety It is believed that this edi 
tion will serve as a valuable source of in 


formation to the student and professional 


worker who is in issociated with 


he cotton industry 
r. J. STAFFORD 


L.S.1 


Utilization 


Castor Bean. In the past the raising of 


castor by ins As i regular crop in the | nited 


} 
economically 


hazardous 


States was rather 


Reasons for this were the fluetuating mar- 
kets ind poor varieties Both ol the st ire 
now being overcome by research at the U.S 
Department of Agriculture, Southern Util 
ition Research and Development Division 
\ dwarf, non-shattering variety adapted to 
machine harvest has been developed In 
tests this variety, about three feet tall pro 
duced 2700 pounds per acre in the Texa 
Panhandle Remaining problems are: «de 


ictivation of toxie principle and removal of 


illergen. 


l. Nature of oil 


imong vegetable 


ricinoleie acid component 


unique oils beeause of 


} 


hvdroxyl group near bond 


" 1) 
1 double 


”. Dehvdrated—does not turn vellow on 
baking or drving 
3. Viscosity and specific gravity high. Vis 


changes are small with 


Viscosity 


COSITN tempera 


increased by 
] 


food 


ture changes 
blowing Blown oil has blending 


properties ind low cold test and does not 


itt ick 


grest 


rubber gaskets ind metal to an\ 


extent 


l. Raw oil 
Plasticizer for lacquers 
Le ither dre Sssing dope 
2. Dehydrated: as a drving 
light-colored 


rood ior 


oil, 


white o1 coatings, gives 


REVIEWS 


The Wealth of India. Vol. IV: F-G. Ed 


Shn B. N. Sastri Coun: ft Soentin ind 
Industrial Research. xx IT 
1956 
Chis volume continues the high standards 
set by the previous three \ separate vol 
me, issued as supplemer \ contain a 
monograph on Fish and Fisheri Included 
in this volume ire the raw mate! = ot plant, 
inimal, and mineral origin. B ir the larg 
est discussions deal with 1 genera Ficu 
nd Gossypiun II] ratior re good to 
exceiient 
Abstract 
pain nd varnishe exil ihe- 
sion to met 
) Blow soltenimg rents I rubber 
manulucture of spnha ( se O 
iperior pigment wetting ! lasti- 
( er in nitroes lose CO ng 
$. Hydrogenated: multi-put ereases. it 
waxes, polishes, in the n re of 
carbon paper, candles, eravor 


Kr 


ictions Of castor o1 


Undeevleni icld Rilsar nvlon-ty pe 
product made in France for molding 
Bactericidal agent for tacia nd toi 
et tissues Undeevleni cid com- 
bined with zine undeevlenate—treat 
ment of athlete foot leevleni 
iid ind copper s remedy or f{ 
Cl Infections 

Heptaldehyde, produc ndec 
iene cid DV pyro ais < nthetic 
flavors nd odors \leohol with 
pleasant odor for cosmetic 

Sebacn iweid Basi ngredient for nv 
lon 6/10, a molding plastic 

Urethane foams castor oil has heen 
employed for these to some exten 
Used for packing materials, eushion- 
ing, filler for interstices where light 
weight is important 


Imported oil is extracted in two steps: (1) 
HU ©, oil separated by hvdrauly rressure 
giving a light-colored, good grade oil; (2) 


remainder is solvent-extracted; the vield is 


ECONOMK 


i darker grade oil Filtr itn-extrac- 


lower 
: . 

tion process is being developed at Southern 

Utilization Research and Development Divi- 

sion 


Presence of a toxin 


(ricin, a poisonous pro- 


tein) and a illergen (a non-toxic 
protein polysaccharide fraction) are compli- 
Ricin and 


earned into oil when oil 


powerful 


cations in the extraction process 
the 
is properly extracted but remain in the resi- 


illergin are not 


cd e or 
animal 


pomace, making the pomace unfit for 
The allergin causes difficulty 


in the extraction plant and surrounding vi- 


food 


cinity, in the dust produced, giving residents 

and workers asthma and other symptoms 
The pomace itself has many possibilities ol 

a4 good way 


use, if to remove the ricin and 


The protein might be 


illergen can be found 
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suitable for a variety of industrial uses, such 
is textile fibers 

A recent estimate by the U.S. Department 
of Commerce anticipates that a world short- 
age of 25 million pounds of castor oil is pos- 
1961. This does not include 37 mil- 


lion pounds predicted consumption of castor 


sible by 


oil by the new industry producing nylon-type 


fiber in Europe and South America. Au- 
thorities close to the eastor oil processing 
industry estimate that this country should 
he growing about 200,000 acres ot castor 


beans to meet needs ot the next three or tour 
and this should be expanded 
to 600,000 acres within the next fifteen years 


\ 


a;©rs, icreage 
to meet the growing demands of the chemical 
industry (Marne A. Jones, Chemurgic Di- 
16(10) t—? 1957.) 


gest 


